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During the l a t e  1 9 5 O ' s ,  several m n  i n  the  Uni ted Staxes embarked itcon 

e f f o r t s  t o  devel02 a r t i f i c i a l  heqr ts .  Among these were D r .  Willm K o l f f ,  

D r J  H. B. Shwacker, D r .  Adrian Kantrowitz, and D r .  t i ichael  E. DcSakey. 

The i n i t i a l  e f f o r t  was t o  prbvide s m c i f i c  comoonents o f  such devices 

ra ther  than t o  support the undertaking as  a whole. 

I n  1963, l a r g e l y  a t  t he  suggestion of  D r .  DaBakey, the Advisory Council 

of t he  Nat ional  Heart I n s t i t u t e  expressed an i n t e r e s t  i n  devices t o  

g ive c i r c u l a t o r y  assistance ar,d i n  a r t i f i c i a l  hear ts .  The D i r e c t o r  of 

the  NIH, D r .  James Shannon, asked O r .  Ralph K n u t t i ,  D i rec to r  o f  the 
Nat ional  Heart I n s t i t u t e ,  to  appoint  an advisory grow on t he  mechanical 

hear t .  

i ng  men: E. C. Andrus, M.D.; M. E. Dekakey, M.D.; Sen Eiseman, M.D.; 

Wil lem J. Kolff ,  M.D.; John R, Beam, M.D., Associate D i rec to r  for 

Program Planning and S c i e n t i f i c  In format ion,  NHI ;  Robert L. Bobman., M.D., 

Laboratory o f  Technical Development, N H I ,  In t ramura l ;  Eugene Bramwald, 

M.D., Chief, Cardiology Branch, N H I ,  In t ramura l ;  Joseph G I .  G i l b e r t ,  M.D., 
Deputy Chief, Surgery Branch, NHI ,  Intramural ; C. W i  11 iam Ha1 1, 14.D., 

NHI; P h i l i p  Janus, Program Planning O f f i c e r ,  NHI'; Ralph Knu t t i ,  H.D., 

D i rec to r ,  ElHl; and James M. Stengle, M.D., O f f i ce  o f  Proaram Planninq 

and Evaluation. NHI ,  Extramurai. A f t e r  extended study, t h e  grouo 

recommended encouragement o f  work i n  t h i s  area, inc lud ing  the  making of 

cont rac ts  w i t h  i n d u s t r i a l  groups and the  a s s i g n w n t  o f  s t a f f  and con- 

su l tan ts  as necessary. 

Th is  Qroup met on February 21, 1964, and consisted o f  the  f o l l o w -  

I n i t i a l l y ,  D r .  Beam was in charge of t h i s  s t a f f .  When he &Darted i n  

1965, D r .  Frsnk Hastings, who had j o i n e d  the  s t a f f  the  preceding y e a r ,  

was-placed i n  charge of  the  A r t i f i c i a l  Heart Program. D r .  Frank Hastiri?s 

died i n  March 1971. D r .  Lowell Harmison was Ac t ins  Chief o f  the  B rawh .  

From t h a t  t i n e  u n t i l  March 6 ,  1972, when D r .  Dennis was placed i n  chargc, 

serv ing i n  t h i s  capac i ty  from March 6 ,  1972 u n t i l  August 10 o f  1973. 



In 1965,  contrzcts were l c t  to six contractors jointly by the N1l 

the AEC to exD1nr-e the feasibiiity o i  an artificial heart from c?!-l 

enqineering point o f  view, and in 1965 an >dditior,al contractor *A- 

chosen, Nittman Associates, to intearate the reports of the i n i t ; ; . .  

six contrnctors. The result wr:s a study which became availa5lc i c t e  

i n  .1966, indicating that an imDlnntabie artificial heart was feasible, 
and predictinc: thet totally irralantable hcarts could be ready for trial 

7 
I 

in anirnsls in 1568 and in man 
were to be applied. 

This report was made the basis 
broadened to become the Medica 

upon the acquisition of Bureau 

n 1970 provided siifficient funds and e f f o r  

o f  the Artificial Heart' Program, later 
Devices Applications Branch, and i n  1372, 

status by the National Heart and Lung 
Institute, re-named the Division of Technological Applications. The 
Division of Technological Applications war; dissolved in August of 1973, 
primarily as a result of  financial difficulties resulting from executive 
impoundment of funds and a s  a result of the imposition of a personnel 
ceiling which precluded acquisit!on of zppropriate staff to run such a 
program. Since that time, the management of the program has residcd in 
the cardiovascular Devices Branch of the Division of Heart and Vascuiar 

Diseases, and in the Division of Blood and Blood Resources. 

SECTION I t  

THE MAGNITUDE OF THE NEED FOR AN ARTIFICIAL HEART 
A. The Artificial tieart 

The rash of cardiac transplantations o f  1968 led to the establishment of 
a special task  force t o  review the matter of cardiac replacement from 
all angles. The need for cardiac replacement was analyzed in great 
detail. The estimate was made from accummulated figures that the 
availability o f  hearts for transplantation would not exceed 22,000 in 
the Ynited States per year, If the assumption is made that *emergency 

circulatory support equipment has been developed and generally available 
and if one limits the consideration to patients under 65 who come into 
the hospitals at least an hour before demise and who have no other medical 



contraindicaticns to cgrdiac tr~-nnslintttiion or renlacement, the d e w v d  

was estimated to be at a maximum 32,000 oer year. I t  was clear, tnere- 

fare, that the suooly of hearts for transnlantation i s  not adeouzte to 
the needs of even this restricted fraction of patients dvinq of heart 
disease. The reader is referred to the report of 1969 on cardiac replace- 
ment for further details of the study. 2 (Attachment #1) 

I f  one re-reviews the dcta presented in the report of 1969 on cardiac 
replerernent in the 1-ight o f  the present widespread avai labi 1 i t y  o f  deticer 
for giving circulatory support over hours or even days in preparatica 
for transplantation, the demands for cardiac replacement are larger than 
estimated in 1969. In the earlier estimation, patients in hospital more 
than one hour in whom sudden or rapid death was unexpected were excluded 

. from consideration. Similarly, those who died with a history of prior 
severe heart disease within an hour after admission to hospital were 

excluded. If one takes into consideration the excellence and general 
availability of resuscitative devices and of devices for support of the 
circulation not available in 1969, but available today, of the 25 such 
patients in the combined Framingham and Tecumseh experience it could be 
projected that 60% or 15 patients might be salvaged. 
widespread availability in emergency rooms of equipment to deal with 
cardiac emergencies combined with emerging studies such as that at 
Baylor University in which efforts are being made to expedite arrival 
of resuscitative equipment at the locus of the victim, might well justify 
the supposition that instead of the salvage of but one of seventeen 
patients who die outside the hospital more than an hour after onset in 
the study of 1969 might today b e  a salvage of six patients. If these 
extra five patients are added to the fi.fteen pat.ients estimated above 
who might now be salvaged who had died in the hospital, the total number 
of potential candidates for cardiac replacement in the 103 total coronary 

heait deaths of the 1969 study would be 50 patients or 27% of the entire 
population in the combined experience. I f  this number were multiplied bv 
the nationwide estimate of 150,701 deaths under age 65 from coronary 
disease i n  the United States in 196.7, the high estimate of candidates for 
cardiac replacement would be not the earlier figure of: 26,027 but the 
figure of 43,337 snnual ly. 

Furthermore, the 



E. Ilcch?n i cr71 C i rcul atorv t:+s i stTnce 

An entirt.ly diffzrent chaoter i s  the mtter o f  the need for devices to 
9ivo circulatory assist3nce. 
the feasibility of performance of coronary arterioorams on patients in 

cardiogenic shock with support by the intraortic balloon technique 
opened UP an irnrnense field for  such invesigation and was followed by 

the work of Buckley, Austen, and ast;ocin:es at the Massachusetts General 
Ho~pital.~ The need for more effective means of circulatory support than  

the intrzortic balloon has l e d  several groups to embark upon venoarterial 

pumping with oxygenation with refinsa types o f  eauipnent. The likelihood 
exists that such techniques may be used on a very substantial fraction 
of the more than half-million American citizens who die o f  arterio- 
sclerotic heart disease, including coronary arterial disease, each year. 
While it is possible that utilization of such devices and demonstration 
by coronary arteriography of the feasibility of aorto-coronary bypass 
might very well reduce the candidates for cardiac replacement, nonethe- 
less the fact that about two-thirds o f  these patients will be found to 
have coronary arteriogram inconsistent with aorto-coronary bypass, and 
these patients then will be in the position o f  being under mechanical 
support with no choice in the lonp run except either to maintain this 
mechanical support indefinitely or to embark u p m  cardiac replacement. 
The likelihood therefore is that the numbers of candidates both for 
replacement and for prolonged support will be immensely increased. 

-- 

- the piorwer work of Surnmers3'in demonstrztin? 

Applications such as support over several days for patients whose hearts 
fail to recover expeditiously after otherwise successful open-heart 
operations are likely to focus the attention of the profession upon the 
possibilities of prolonged circulatory assistance, but will not in all 
probability prove to be numerically comparable to applications for 
coronary arterial disease. 
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As sumliarized in the Reoort on Cardia;: ?eolacenent of .l?59 2 , the major 

problems faced by the deveicanental proqram were essentiallv as follovs. 

A. M.t'ieriqls to contzct blood a7d other ticsiics 

This was recoqnizcd as the larqezt o f  the obstacles and the one reciuirin? 
the grcatest amount of basic research, for thz technical knowledge and 

scientific data were simply not in hand. 
report that the surfaces in contact with the blood stream must have no 
deleterious effects on the formed elements o f  blood or on substances in 
solution in the plasma. 
rendered even more complex by uncertainties as to the purit:J.af the 
available materials, not uncornmonly hidden behind a shield of commercial 
proprietary interest. A great deal of the work was concerned with the 
clotting mechanism per se whi.:h was and even now is not well enough 
understood to be dealt with ' this connection. A problem which is a 

serious one and which was n' - ddressed in the 1969 report is that of 
the effect of the tissues I J ~ -  

- >- -- -- 

It was recognized in the 1969 

Tha problems were recognized as complex and 

the synthetic materials employed. 

B.  Power Sources 

The second major problem in the view of the reviewers of 1969 was that 
of appropriate power sources. 
able power source would be a very satisfactory solution if it could be 
accomplished. Toward this end the utilization of plutonium 238 as a 
source of energy f o r  a thermal engine and the use of biological fuel 
cells were thought to offer great promise. Thermal engines continue 
to offer promise, whi.le the feasibility of sufficient power from fuel 
celk has not been demonstrated. 

It was recognized that a totally implant- 

The provision of power from outside the body was recognized f r o m  the 
beginnina as highly disadvantageous because it necessarily requires 
anchorage o f  the subject to an external device and because of the diffi- 
culties of transmission of power into the body. The utilization of 



e. Pclncs 

i3lobd pumps were then considcred to be third in the order o f  irior;rtance 
amonQ the scientific p r o b l e m ,  but  the magnitude o f  the problem had no: 

been initially apnreciated. 

D. Oiolo?icc?l Problems 

The physiological, hematologic, and biornaterials problems were recognized 
but were so underestimated as t o  have proven a major factor in causing 

1 the program to lag behind the expectations o f  the Hittman hepo'rt . 



SECT I WI I V 

1 The chosen pattern of manaoement is nicely reviewed in the Hittnan ii,,, 003rt . 
and the l P 6 9  Task Fcrce ReDortL states "The ."iJtional Heart Institute, uncz; 
the Directorship of Dr. Knutti, acionted a systems analysis approach in la55 
in order to direct and coordinate the Artificial lieart Pro.rran. T h i s  m p r o a c h  

was intended to make feasible the robiiization of resources of industry, 
medicine, basic science, engincerina and s y s t e m  manapement, as neeckd, 
to implem2nt any particular aspect of the developinq proarom. 
consultation with members of NASA, Air Force Strategic Command, the 
Department of Defense, and others within the National Institutes of Health, 
an Artificial Heart Program, based largely on contractual relationship 
with outside institutions and agencies, was created to define goals and 

to coordinate research activities." There continued to be support of 

efforts through the regular granting mechanisms of the National Heart 
Institute. 

n 

After 

In the Artificial Heart Program proper, a small professional staff with 
three engineers, one surgeon, and several additional physicians undertook 
to be responsible not only for planning, organizqng, and managing the 
program, but also for monitoring more than 100 ongoing contracts (by 1960). 
It was also'responsible for issuing requests and reviewing proposals for 
new contracts and concurrently trying to manage a wide variety of other 
analytical and administrative responsibilities. 

An advisory committee was created, and in addition the program convened 
-- ad hoc technological advisory groups as needed. 

Until April 1969, the Artificial k a r t  Program focused on the separate 
development o f  each of the components of the artificial heaft rather 
than on a composite device. 
in that a concerted effort was begun to combine the devices and techniques 
which had been developed under the Program in order to create a complete. 
fully implantable device for cardiac assistance to be used in animals. 
The thesis was that through-the use of this first-generation model a 

In April, 1969, direction shifted somewhat 

realistic data base could be obtained for the development of subsequent 



models; many orevalent theoretical conccnts concerninq desicln cc~iild be nut 

to practical test;; rxaninqful limits for  t i r w  and cost of devclol>in7 t!l? 

total prosthetic device couid b e  obtained; and the imr?ortant D r o b l c m  of r?- 

latin? individual coi::ponents to ei?c!i other could be given impetus. 

In.addition to the contractual support, several proqram oroject ai-ant; 
were made by components of the National Heart and Lung Institute apart 
from the Artificial Hcart Program. These are not considered in the prcscnt 

report. 
$1,272,462 for both work on the artificial heart and on circulatory 
assistancc. 

The annual funding by the grant mcchanism i s  estimated t o  be 

Footnote: 
Parallel with the program in the National tleart and Lung Institute, a 
program has been in progress under the auspices o f  the Atomic Eneray 
Commission, directed by Dr. William E. Mott. While the NHLl proqram has 
developed two types of nuclear powered Stirlinq enaincs and one tidal 

regenerator engine and is currently working upon a rotary powered generator 
with thermal power source, the Atomic Energy Commission has concentrated 
upon a standard pattern of Stirling engine with a Scotch yoke type o f  

crankshaft, a fly wheel, and mechanical delivery o f  power from the engine 
to the actuator of the pump. 
factorily during bench tests.. Those in the NHLl's program have been 
implanted into animals, and calves have gone as long as 1 1 1  hours with 
left ventricular support pumps running upon nuclear thermal energy. In 
the Atomic Energy Commission's program, bench testing is highly satis- 
factory, and it is anticipated that, if the program were to continue, 
successful bovine implantation would take place within the next eight 
months. 

c 

All of these devices have worked satis- 

* 
Since the spring of 1972, close relations have again 
between NtILI and AEC to assure a free interchange of 

been established 
information and 

thus to accelerate,progress. 



THE COST; W i f  I Ci.1 HAVE CEEI! I :!CUERED CJ!D OBLIGATED 

Breck down of the costs accordincj to catergor ies is a bi t difficult 
becsuse conputct retrieval concerning contracts n3 longer in force is 
under a somewhat different classification from that in use at the present 
timz: Table I indicates the numbers of  contractors, the categories into 
w h i c h  they fall, and the costs for contracts no longer in force or w h i c n  
have been moved to tbe Division of Glood Diseases and Blood Resources. 

For these latter, Table i includes costs only up until the transfer to 
t h e  Division of Blood Diseases and Blood Resources. 

The program plan of the Cardiovascular Devices Branch of the Division of 
heart and Vascular Diseases of June 1, 1974 summarizes the costs of the 
entire program as far as contracts currently in force are concerned. 
These data are presented i n  Table 1 I . f :  

For these particular contracts the total expenditure to the end of 
fiscal year 1975 (inciudina the item on Test and Evaluation Facilities 
committed to 1980) is $57,256,509.. This, combined with the sum of the 
figures in the preceding table amounts to a totalkexpenditure bygone, 
present and legally committed o f  $80,309,365. 
this figure does not include artificial heart work supportFd by the 
National Heart Institute before the launching of the Artificial Heart. 

It should be noted that 

-~ 

* The use of this updated plan of. the Cardiovascular Devices Branch is 
preferable to use of the updated Five Year Plan in the First Annual 
Report of  the Director of N H L I ,  for the latter (page 50) is confusing 
and duplicative. Furthermore the back and projected costs have been 
calclllated on the basis o f  the updated plan o f  CDB by that Branch as 
reorganized and portrayed in Table I I .  



CJteqOrbj iiurnber o f  Cost 

CGIl t r a c t r ,  - 
Devices fo r  circulatory assistcnce 39 $1 1 ,h53  ,W 
Artificial heart 3 855,009 
Biomaterials, research and 

development 52 7,016,331 
Biomaterials, evaluation 6 2,087,758 
Auxiliary devices 2 51 8,933 
Technical Studies 1 19,852 
Bioinstrumentation related to AH 6 1,061,506 

TOTAL $23,052,856 

* Data presented on this and the following table do not include: 
1. Work funded by grants 
2. Work contracted before FY 1968 
3. The six original contracts on feasibility (1966) 
4. 
5. 
6. Contracts on instrumentation unless specifically as components of  

The Hittman synthesis of those s i x  contracts (1966) 
Contracts on oxygenators or respiratory diagnostic or measuring devices 

circulatory assist devices or artificial hearts 
7. Contracts on biomateriais not directly related to the artificial heart 
** On the contracts transferred to the Blood Division, the costs listed 

here are only those prior to that transfer. 
contracts are listed in Table I I .  

Subsequent costs for those 



TABLE r i  
COSTS ’3F CONTRACTS CURRENTLY I N  FORCE FROM THE START THROUGY FY 1575 

Cateqory Cummu 1 a-t I ve FY 1 97*t Pro j ected Commi t ted Total 110. c f  
C costs 9: costs J( FY 1975 Eeyond COS r‘; Coni r?  f t s 

To FY 1974 costs 1975”” 
IC--- 

Blood punips $ 4,325,284 $ 1,377,397 $ 1,870,000 $ 7,572,631 8 
Pcwer sources, nuclear 8,707,820 2,613,209 2,750,000 - 14,071,029 5 ( I  ter:?. 
Power sources, electric 2,502,560 732 , 795 1 ,300,000 - 4 , 5 ? T , j 5 6  4 
Transcutaneous del ivery o f  
power E power source 1,347,389 

Appl id biomaterials 1 ,462,797 
Bas i c b icva ter i a1 s*f:,k J(c;k:$;k 

Test E Evaluation 
Faci 1 i ties 10,981,897 

Arteriosclerctic pigs  226,579 
Fabrication contracts 2,189,390 
Thermal dissipation 758,261 

TOTAL 

1,504,711!I 

2,405,190 
5,272,214 

- 0 157,355 
402,393 540,000 

2,561,962 2,710,252 

- 
- 

1,359,783 450,000 3,920,009 Q 16,i)Cl ,690 
48,290 6,000 0 280 , 869 

182,005 120,000 - 1.0%,2t;r, 

663,030 900 , 000 - 3,752, LE9 

-- 
$57,256,509 

r 

$:Data frcm Program Summary o f  Cardiovascular Devices Branch of Division o f  Heart avd Vascular Diseasfs, 
June 1 ,  1974, of contracts active in FY 1974 and review of Annual Reports o f  old Division o f  Technolc~iical 
Applicaticns from July 1, 1967 to FY 1974, checking amounts wher-. feasible by cowputer thro<Jch thc. t w r t c - s y  
of the Reports and Evaluation Branch of the Division o f  E x t r a m r a l  Affairs. 

~ ~ ~ l n c l u d e s  only those legally committeil. The second years  of t b ?  2-year contracts jpprcvcd in F Y  1975 ar2 
not listed because thzy can be terminated at the pleasure of thc government snd t52 s i i o p y r t  f o r  ti:a se.:o::rl 
year hes not yet been appropriated. 
9:WIonitored in the Division of Blood Diseases and Blood Resources. 
g~:;f:;%e preceding table for total data on biomaterials from 1967 unti 1 transfer of  a l l  Sut foirr ‘c.:!:tr~p’ 5 

fccjmnittcd rents1 and tlpkccp for balance Gf 10-year Contract on G n e  facility (to 13?::) 
to the Divisicn of Blood Diseases and Blood Resources late in 1073 ( 9 c t  E, kw) 



it include the sevmth contrzctcr (tiittrian P5sociat~s) brcu-ht i.1 to 

synthesize the reports of t'lc f i r s t  s i x ,  nor d o t s  i t  include the c m t  cK 

the -- ad hoc task force on csriiiTc replacement j ,  Octohcr of IaCQ, nor doc? 

it includ~ the costs of the Artificial Heart 4ssessnent Panel of 1??3, n 3 ~  

does it includc work suooarted Lv grants. Finally, there we,-#-: C . ~ T  contricts 

codcernina which it cppeared incossihlc t o  retrieve the data f r 0 7 i  e a r l y  i r ?  

t h e  program. 

The figure o f  $80,309,365 therefore represents a minimal Figure.;' 

It should be stressed that not everything which was included in the 
initial Artificial Heart Program, in the Medical Devices Applications 
Branch, and in the Division of Technological Applications has been 
included in this figure. Specifically, all work on pulmonary monitoring 
and diagnosis and all work on instrumentation not clearly directly 
related to the instrumentation needed fo r  success of an artifiicial 
heart have been eliminated from the calculations of total cost (See Table I ) .  

+:The 1973 Fact Book of  NHLl lists costs from inception of $70,227,000. This, 
however, includes items specifically omitted in the present report. 



i I  

SECT I r)!J '! I 

TtiE SC I E!lT I F I C STATUS TOCAY 

The prLsent s ta tus  o f  the s c i e n t i f i c  devcloprnemt i n  the A r t i f i c i a l  t h r t  

Pro9rsm can hard ly  be ex tens ive ly  reviewed i n  a reoor t  such ~3 t h i s ,  i f  

f o r  no o thzr  reason t h m  tha t  the author has exper t i se  on ly  i n  c z r t a i n  

areas of the  overall  program. l h e  present s tc tus  thcre fore  w i l l  be f o r  

the m s t  p a r t  d c s c r i n t i v e  ra ther  t h m  i n t r i c a t e l y  c r i t i c a l .  

A. Implantable OUTIDS f o r  blood 

Table 1 1 1  shows the  present s ta tus  o f  work on pumps f o r  blood both i n  and 

out of the  cont rac tua l  program on a r t i f i c i a l  hear t  o f  NHLI. I t  i s  note- 

worthy t h a t  on l y  one o f  t h i s  l i s t  o f  groups has thoroughiy s tud ied  the  

pat terns o f  b lood f l ow  w i t h i n  pumping chambers, and t h i s  p a r t i c u l a r  e s t a b -  

l ishment c a r r i e d  ou t  these s tud ies before being con t rac tua l l y  t i e d  t o  

the A r t i f i c i a l  tictart Program. I t  i s  a l s o  noteworthy tha t  on l y  two groups 

have done met iculous s tud ies as t o  the  s ize,  shape, f i t ,  and weight O f  

the a r t i f i c i a i  hear t ,  and both o f  these Groups were working q u i t e  indepen- 

den t l y  o f  the  organized A r t i f i c i a l  Heart Program. 

have done a f a i r  amount o f  work, bu t  somewhat less than cont rac tors  110.1 

and No. 3 i n  Table 1 1 1 ,  cont rac t  No. 2 i c  being guided'by D r .  Sy lva in 

P i t z e l e  i n  the  o f f i c e ,  con t rac tors  No. 5 and No. 13 are  aI.so supported 

by the AEC; cont rac t  No. 8 d i d  these s tud ies i n  advance o f  suDport by 

the A r t i f i c i a l  Heart Program, and on ly  cont rac tor  No. 7 w i t h i n  the Program 

c a r r i e d  ou t  these s tud ies under t h a t  support.  It i s  i r o n i c  t h a t  t h i s  corl- 

t r a c t o r ,  No. 7, has l o s t  h i s  support from the  A r t i f i c i a l  Heart Program. 

O f  those f i v e  which 

It i s  a l s o  c lea r  from Table 1 1 1  t h a t  thus f a r  i t  i s  on l y  those pumDs w i t h  

pneumatic d r i v e  which'appear t o  have been reasonably s a t i s f a c t o r y  from 

the  b o i n t  o f  view of phys io log ica l  performance. 

One cont rac tor  has replaced the v e n t r i c l e s  o f  a c a l f  w i t h  man-made ven- 

t r i c l e s  and achieved su rv i va l  f o r  95 days(5). The l e t h a l  f a c t o r s  a re  not  

we l l  understood, hc; advance o f  i n f e c t i o n  from outs ide  the body along tht: 

percutaneous leads i s  an important f ac to r .  E f f o r t s  a re  being made t o  



TABLE I l l  

PUMPS UNDER DEVELOPMENT IN AND OUT OF THE CONTRACTUAL PRQGRAY 
ON ARTlFlClAL HEART OF NHLI 

Contractor T>pe o f  pump Actuator Rheology B 1 ood Size and Quai! ty Ph:~sioIc7!c 
Ft r fc r - i???ce we1 1 i n ter f ace fit well o f  

studied studied controls 

( 1 )  

2 

(3) 

(4) + 
5 
6 

7 
8 
9 
10 

1 1  ' 

12 

Sac- type 

Ax i s ymme t r i c 
Sac type 

Sac type 
Sac type 
Rotary 

Sac type 
Sac type 
Pusher plate 
Axisymmetric 

Pusher plate 

Axlsymrnetric 

Mechan 

Hydrau 1 
Pneumatic 

Pneuma t i c 
Pneuma t i c 
Electro- 
magnetic 
Pneuma t i c 
Pneuma t i c 
Hydraul ic 
Pneuma t i c 

Hydraul ic 

Pneunat i c 

+ 

? 

+ 

0 
-I- 

++ 

? 

+-I.++** 

0 
+ 

0 

0 

Srnoo t h 
s i  lastic 
Smooth 
Pseudo- 
intima 
Smooth 
Srnoo t 17 

Smooth 

Srnoo t h 
Smooth 
? 

Pseudo- 
intima 
Pseudo- 
intinra 
Pseudo- 
intima 

++++ 

+++* 
++++ 

-I-+ 

+++ 
+ 

+++ , 

+++ 
4- 

4- 

0 

+ 

?!o t yet 

IdGt y e t  

+++ 

++ 
f 

Not yet  

f++ 

+ 
++ 
+ 

+? 

+ 

-.-- ---- 13 Sac type Pneumatic + Smooth +++ +U 

9: Arranged by Dr. Pitzzle of  the Program Office. 
*A Penn. State's rheologic studies were performed before t h e  start of support by the Progrz,:, suyy3rt:::j in 

( ) lndlcates work not funded by the contractual program on the Artificial Heart 
1 , =  AEC; 2.= Andros; 3.= Baylor Univ.; 4= U. o f  Cal, S.F.; 5.- Cleveland Clin.; 6.= 'Jniv. O F  H i m . ;  
7.= Univ. of 14iss.; 8.= Penn.Statc; 9.=TECNA-Hini-H-TM; lo.= TECO-CH'4C; 1 1  .= TECCt-I!-Tah; 12 .=  7 F - C 3 - 7 i i l ;  
13.= Univ. o i  Utah. 

part by grants from NHLI. 



Con t rac to r*;k 

1 

2 
'z 
.4 

4 
5 
6 

*7 
8 
9 
10 
1 1  

Prooosed Type o f  Efficiency 
Soirrce o f  Converter 

pu238 S t i r l  in9 19% 
~ , I P ,  r 

PlJ 238 Stirling 8.9% 
PU238 Stirl inq ? 

Elect. Solenoid 60% 
Pu238 Stirling 19% 
Elect. Piezo-el. ? 

Elect. Rotary-el. ? 

Elect. Rotary-el. ? 

Pu238 Tidal regenerator 1 1 %  
Pu 238 Rotary Rankine ? 

Elect. Electrolytic ? 
generator H2 

Status 

Active 
Term '71 
Term. '73 
Active 
Act i ve 
Active 
Term. '74 
Act i ve 

Active 
Active 
Term. '74 

Cor t Th1-z 
F Y  75 

S3,823,533 

249 ,e20 
1 ,ljO,C30 
1 ,O87,OXI 
3,993,000 
869,000 

1,5OS,OOO 
1,863 ,OCO 
4,272 ,OQO 
797,000 
117,900 

.__ ~ - - ~ 

*This initially concerned only transmission of power through the s k i n  

**1 = Aerojet; 2 = Airproducts & Chem.; 3 = Arco'Nuclear; .4 = Andros; 
5 - McDonncll-Douglas; 6 = Physics Int'l; 7 = Stanford Res. Inst.; 
8 = Statham; 9 = TECO; 10 = TRW; 1 1  = Tyco Labs.  



d i s s e c t  thr problem 

1. Pwer  Ccnvpr ters  

Tho Artificial Heart P r o a r m  has supmrted s i x  contracts with an aye tG 

utilizina the thermal everay of de3eneration o f  pi:ltonium 239 .  

i n  ZGddition stq~orted five electrically driven converters. 
converters, the efficiency of the various devices, and the costs a r e  

indicated in Table I V .  Further discussion on the relative merits of  t h 2  

thermal engines appears in Section V I ! ,  Subsection A .  

I t  has 

Thc t v p c s  or 

2. Delivery of Electrical Power to the lmnlanted Device 

As far as the electrical drives are concerned, there is currently a 
rather unsettled state of affairs in that the patterns by which electri- 
cal power can be delivered into the body appear not to have been satis- 
factorily resolved. 
through the intact skin in the hands o f  contractor No. 7 above appeared 
to be very satisfactory. 
however to be fraught with difficulties, and this pattern has been 
abandoned. An earlier effort by a different contractor was terminated 

in 1969. 
and rather singular success failed to achieve funding from NHLl (The 
request was made through the grant mechanism). 
discussed in Section V I I ,  Subsection A. 

For a time the electro-magnetic transfer of power 

Long-term trials of this technique proved 

Yet another aspirant for support with twelve years experience 
k 

This matter i s  further 

The other pattern of delivery o f  Dower to a subcutaneous position lies 
in the development of percutaneous conduits of'such nature that infection 
from outside the body cannot extend along those conduits to contaninate 
the area of the device, a catastrophic complication. An earlier contrac- 
tor appeared to be gaining success, but the contract unfortunately was 
terminated. One contractor (TECNA) at the present time appears to have 
been successfuI, at least i n  small animals. Several workers outside the 
Program apoear to have made devices for this purpose which are satisfac- 
tory. This matter i s  discussed also in Section V I I ,  Subsection A. 



k-tother intecrral comonent of t+e nrobica i s  ?!?at o f  dissipation of t h 3 t  

:,ortion o f  introduced pwier 4s heat  which i s  'nqt successfully ccnvcri2r: 
to the purnoinq of blood. The naanitude of the need for dissioation i s  

of course greitest in tho, thermal enoines. The problcn of this dissi- 
pation asoearcd to have been re,solvcct by one contractor, slthouoh it 
irivo1ved the necessity o f  olacincl a he2t exLhanaer i n  coctinuitv i n  ti!:? 

clzscendinq aorta, an addrd s u r a i c a l  manuever vrhich it appcsred arivisrihlc 
to avoid. The nroblem o f  dissipztion o f  h c G t  continues. This m t t e l -  

likewise is further discussed in Section VII, Subsection A .  

C.  Biomatorials 

When the Division of Technological Applications was disbanded in the 
summer of 1973, four contracts concerning biomaterials remained with the 
rest of the Artificial Heart Program and were transferred to the Cardio- 
vascular Devices Branch of the Division of Heart and Vascular Diseases. 
The remainder of the contracts were transferred to the Division o f  Blcod 

Diseases and the Blood Resources. There are now in that Division thirty 
contracts and three reimbursable agreements. Twenty-eight of those con- 
tracts and the three reimbursable agreements are, directly concerned with 
the program on the artificial heart. The four cpntracts in the Division 
of  Heart and Vascular Diseases are concerned with the pseudointima, three 
of them with develoDment of the most effective microfiber surfaces for the 
attachment o f  intimal cells in culture and the fourth one in the culture 
process proper. 

Table V shows the distribution of effort among those ttrenty-eight contracts 
and three reimbursable agreements concerned with the Artificial Heart 
Program in the Division o f  Blood Diseases and Blood Resources. 

In all of this, the ma,jor problem revolvcs around the interaction between 
synthetic materials and .tissues, ir;cluding blood. To the present time, thc 

only surface which appears to be tolerated by the blood is the rigid pyro- 
lytic carbon developed at Gulf Atomic. This requires a riqid substrate t o  



Studv of  interaction of  ccmcments o f  blood vi tti specific cort:x:ients 
of  tissues which might be u z e d  as the basis for a synthetic interface 

 lasti in .......................................................... 
Collaqen ......................................................... 
!!ortic B a ~ c  : m t  M~mbranc ......................................... 2 
Endothelisl Surface Coat ........................................ 1 
Fibroblssts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Smo:,th ~ ~ u s c l s  ................................................... 1 

Testing o f  Materials for Biocmpatibility 

Ex vivo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
in vivo ....................................,....................2 

Rheology of  Thronbus Formation ...................................... 2 
Systemic Hematologic Responses to Materials ......................... 1 

Thromboresistant Surfaces 

Heparin-chondroitin-6-sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bound Hepa:in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hydrogels ....................................................... 5 
Development of ion beam deDosited carbon on biornaterials... ..... 1 
Studies of carbon-surfaced polymeric, netallic, and ceramic 

Hyaluronic acid .............................................. b..l 

biomaterials.......... .................... t....................l 

Influence of Biomaterials on Hemolysis due to Shear ................. 1 
Interaction of Platelets with Biornaterials .......... ;... ............ 1 

Erosion o f  Biornaterials by Shear .................................... 3 

Interaction of Blood Proteins-with Materials ............ :...........5 

Synthesis of biomaterials 

Anisotropic Materials for Replacement o f  Valves and Arteries. ... 1 

Diverse Polvetherurethanes ......................................2 
Techniques of Polymerizttion of  surfaces ........................ 2 

Springy Polypropylene ........................................... 1 

2 ;k Pseadointimas and the substrate for  save................... .......... 
Evaiuation o f  products of  other contractors to predict 

*There are a l so  four studies on pseudointima under contract in the 

the behavior of them in advance of  implantation .................... 1 - 
Cardiovascular Devices’Branch 



avoid z-ackin?. A l l  flexible surfaces t h u s  far ? w e a r  to bc Drnductive O F  

micrct*-ooli or, in the case of  microfibnr bases for pseuciointir;-3, prodtic- 
tive of  layers o f  tissuc which a r e  not consistently thin enot;?h to oerrit 
proper nutrition from the moving blood. 

A further aspzct o f  the interrelations between tissues and syriivntic 
materials i s  t h c  tendency toward fibroas encapsulstion of surfaces whic!i 
provide cotwlisnce for adjustment to variations in diastolic filling of’ 

synthetic ventricles-such that that cospl iance i s  presently 1;:racty lost. 

There are promising developments under investigation. One of these is 
concerned with initial apparent success in deposition o f  carbon on 
flexible synthetic material in such fashion as both to lead to thrombo- 
resistance and to facilitate the arowth on that surface of meudointima. 
Another is concerned with the various hydrogels. These substances have 
insufficient inherent strength, but there is considerable promise in 
making coatings of hydrogel upon synthetic substrates and making inter- 
lacing networks of hydrogel and other flexible materials. 

Perhaps one of t h e  most predictably useful undertakings is that of  the Jet 
Propulsion Lab, which has set up a program of detailed characterization o f  

the products of other contractors with a carefuliy consideration evaluation 
of the behavior to be expected in the tissues upon implantation. 

D. Test and Evaluation Facilities 

The two Test and Evaluation Facilities wer’e established in 1969 and 1370 
respectively at a tine when it was anticipated many devices would become 
available for evaluation by impartial scientists. 
for evaluation was much less than anticipated, and the cost of operating 
the J’ E E Facilities did not therefore seem justifiable. Both have been 

phased out of the Artificial Heart Program, although one of them i s  doing 
some work on contract for the Program. 

The flow of new devices 



I f  

This cofitract w ? s  iniiiated i n  f i s c a l  year lQ69. The contractcr is ablc 
to produce arteriosclerosis in nini-ci3s, and this was used as a bysir. 

for acoustic idenrification of  c>hnornalities of  flow which it was thouahi- 

niaht be vc.luable in monitorinn artificial kt%2rt devices. This  is b e i n s  

phased  out. 

F. fabrication -- 

There are two contracts for fabrication of devices already developed 
and for the use o f  other contractors. Both of these continue busily. 

G. Radiztion 

For purposes of completeness it is well to present the present status o f  

the understanding of the effects of radiation upon the subject and those 
about him. The conclusions of a study by the AEC were presented at a 
joint review of the plutonium-powered artificial heart between AEC and 
NHLl on April 23, .1973(6) (7). 
for publication. The data are presented in Table V i .  

This material is currently being prepared 

In the studies on the effects of radiation-equivalent sources upon 
implantation into experimental animals, one dog has now developed multi- 
centric alveolar carcinoma of  the lungs at the end of six years of such 
radiation. It is difficult to evaluate the import of  this observation, 
for t h i s  i s  a cortimon type of neoplasm i n  the dog, and the radiation has 
played a role which i s  not at a1.1 clear (a i  



R.9 .D IAT I9t l  DOSES I ! J  f?E!ll/\’EAR 

(7) I.’,akimbrn annual safe exposure ...................................... 0.. 

Gwe to spouse of recipient - serarste beds ....................... 0. 7 

- saxe  b:>d ............................ 9.0 
DOSE to other members of  the f x i i l y  ............................... 0.2 

.. r 1Jhole body dcse o f  recipient of nuclear artificial heart ......... ., 2.0 

Average dose t o  each meniber of the general population . estimated 
for the year 2000 and estimated 188. 000 implants ................. O.OOC8 

Average annual dose t o  the U . S . population today ................. 0.182 
Nwrnber of defective children. estimated t o  be born in the 
year 2000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Z S .  .-50@0 
Number induced by 188, 000 nuclear artificial hearts .............. 25-70 

and those about them - recipients .................................. 300 

- spouses ..................................... 200 
- family of recipient ......................... 230 
- general population ..................... .435. OOQ 

- Spouses ........................................ ~ 5 - 2 0 0  

- genera 1 popu 1 at ion ................................. 40 

All Cancers in the year 2000 - spontaneous among 188. 000 recipients 

3 Induced cancers - recipients ........................................... 

- family of recipients ............................... 5 



S E C T I 0 : J ' V I  i 

THE CSSTACLES T O  FULL E F F E C T I V C I E S S  

- Scientific acd K-rizl Factcrs 7 

ReseFrch and development under systems engineering have blossomed in 

those arex in which ths basic tezhnology was already well in hand. This 

has been truz of the thermal and electrical engines ir, general and in tile 

development o f  electionic circuity for ccntrol insofar as the basic physi- 
ology has been understood. It has too often failed in areas in which the 
basic scientific knowledge had still to be gained, as in physiological 
responses, rheology, and materials of appropriate longevity and compati- 
bility with tissues and components of blood. 

6 

Obstacles to full effectiveness of the targetted contractual program 
for development of an artificial heart and devices for circulatory 
assistance appear on retrospective examination to have been clearly 
recognizable as early as 1966 when six contractors explored the feasibility 
of an artificial heart and a seventh endeavored to harmonize the re?orts 
of the first six. The conclusions reached then indicated that the totally 
implantable total artificial heart would be availeble for implantation 
in animals in 1968 and that a device appropriate for clinical application 
would be ready by 1970. 
conclusions drawn by groups with incomplete expertise in regard to 
physiological problems, in regard to hematological problems, in regard 
to synthetic polymers, and in regard to a host of additional biological 
problems, the understanding of which at that time was even more incomplete 
than it i s  today, 

This analysis and this prognosis were based on 

An effort has been made to separate examples of failures in the program 
into those secondary to scientific misconceptions and those related 
to managerial judgmental errors. Efforts to make a sharp distinction 
between these two have not been successful because in each instance 
one leads to the other and the two become inextricably intertwined. 
A few examples of some of the difficulties which have arisen will 
clarify the matter of the extravagant ineffectiveness of utilization 
o f  a pattern of systems engineering in d&velopment involving basic research. 

. 



May .27, 1975. 
H I H  t h i s  section has been re-done t o  provide more docu- 
mentation. 

A t  the  request of the  Acting Director/NHLI/ 
17 

Any other pages changed t o  harmonize are so dated. 

A. The Nature of the Froblem - Examples 

1. Size, Shspe, and Weight of the  Ar t i f ic ia l  Heart and Assist 
Pumps, and the  Rheology of Pumps. 

One of t h e  cardinal requirements for a device t o  be implanted 
within the cheat of a l i v i n g  animal or man is t h a t  the  device 
must have a shape, size,  and weight compatible with such place- 
aent .  The entire program i n  t h e  la t iona l  Heart and Lung Insti-  
tute insofar as t h i s  reviewer has been able t o  determine has been 
carried out u n t i l  recently w i t h  no such study on t h e  msjor animal 
used i n  the  program, namely the  calf ,  and no such study in man (and 
t h i s  even though a revision of PH43-67-1116, Modification #13, 
Article I, i t e m  9 ,  March 1, 1971, called fo r  j u s t  such a study). 
(See Attachment 2). 
Anderson of the  University of Minnesota (Contract No . PH-43-68-1337) 
The Annual Report of the  A r t i f i c i a l  Heart Program for 1969 t o  1970 
states, "The purpose of t h i s  program was t o  study the anatomy and 
illustrate the gross morphology of the  ovine thorax and associated 
structures, wi th  emphasis on cardiopulmonary vasculature of t h i s  
species." This contract was terminated on A u g u s t  31, 1969. From 
a sound programmatic point of view, why were the  studies contracted 
w i t h  Themo-Electron on Mar. 1, 1971, not carried through t o  appli- 
cation t o  the  ar t i f ic ia l  hear ts  and assist pumps developed i n  t h e  
Program? The H-TAH does not appropriately ref lect  such studies. 
Such studies were done under the auspices of t he  Atomic Energy 
Conmission for  t h e  ca l f ,  although miniaturization will be needed 
for c l in ica l  application. Also, neither program appears t o  have 
given adequate thought t o  the  f i t  of the engine. 

In contrast t o  the  AM:, the Program of N H L I  developed, primarily 
with direction from with in  the Program Office, the  H-TAH. 
has not been able t o  v i e w  t h e  records, i f  any, of study of the  pro- 
posed pump by a review group, since h i s  departure from N I H  Nov. 30, 
1974, renders him no longer eligible t o  v i e w  such records, even 
though it might prove helpful t o  the  effectiveness of t h i s  "b4aluatfon". 

A thorough study was done on sheep by W.D. 

The author 

A le t ter  from Dr. Walter Bornhorst of TECO disclaims knowledge of 
review by a review group (Attachment 3). 
been spent on t h i s  pump and the  result has proven unsatisfactory, it 
i 8  f r u i t f u l  t o  examine insofar as presently possible the  mechanisms 
under which t h i s  step was taken i n  order t h a t  t h i s  p i t f a l l  may be 
avoided in the future. 

Now t h a t  great sums have 

There appears t o  be some uneasiness, for Dr. Bornhorst's letter of 
April 25, 1975, i n  response t o  an inquiry from the writer, states, 
nThe i n i t i a l  concept of t he  direct activation LVAD which later became 
knawn as t he  H-TAH pump was first proposed t o  the R I H  by Thermo-Elec- 
tron on O c t .  7, 1970". The let ter does not say t he  concept was generat- 
ed by TECO, and the  fact  t ha t  it was namtd the  Harmison-Total Art i f ic ia l  
Heart (H-TAH) strongly suggests that  the concept arose in  WHLI, es- 
pecially since the  engineering drawings were drawn by Dr. Harmison. 



If euch is the  case, would  it not hcre been better policy t o  i r rue 
aa RF'P for development rather than t o  add it t o  a contract for  
fabrication of developed devices for t he  use of other contractors? 
(Attachment 2, TECO Contract PH43-67.1116, Modification 13, effective 
Nar. 1, 1971, Article I, i t e m  6 ) .  This would hare provided open 
campetition, and hence probably greater expertise would have been 
applied. 

Pinally, no meaningful studies were done on the effects of s i t e  and 
8hape un t i l  insi r ted upon by Dr. Pitzele i n  1973-1974. As indicated 
in  tbe Annual Report of TECO on Cartract lo. HT-4.2910, Report Bo. 
4183-14-75, p. IV-14, Table  IV-1 (Attachment 4 ) ,  fire dummJl p w ~ s  of 
the site and Configuration of the H-TAH placed in fire calves k i l led  
them all, and a compliance bag of k d i c a l  Grade Silastic adhesive (A)  
placed i n  the abdomen resulted i n  massive local  necrosis sufficient 
t o  null i fy  t h e  information sought 011 effects of pulsing on neighboring 
organs. This adhesive had been used almost routinely t o  encase pumps 
and engines for Implantation without apparent appreciation that  poly- 
merization releases enough acetic acid t o  produce necrosis. Would 
this poin t  not have been foreseen by a competent review group, a 
m i t o r  w i t h  appropriate expertise, or  a t o p f l i g h t  investigator? 

2. Thermal Dissipation 

Another example has t o  do with the problem of thermal dissipation. 
This problemwas attacked by Dr. M. G i l l i s  at Bsttelle Northwest 
Laboratories under contract PH-43-66-1130. 
Program Office indicate, "That the electr ical ly  energized heaters 
were designed wi th  an extended area to  be in contact with descending 
aortic blood flow. This was f l t t ed  With a noathrombogenic pyrolytic 
grapute  coating end waa finned t o  give a maximal surface t o  contact 
the flowing blood. Such a heater attained eighteen months of 
ccmtinuous heating at 69 w a t t s  with no c l in ica l  or  postmortepr eri- 
deace of deleterious effect. Most significantly there were no signs 
of downstream thrombocmbolic.phenamena, -her testirping t o  t h e  

'excellent blood cmpatible properties of t h i s  surface treatment?' 
mere devices were implanted, and the animals w e r e  maintained through- 
out subsequent experimental periods, during which heater pawer and 
internal transducer feedout were provided by percutaneous leads. 
%e results of t h i s  work are as follows: 
rnbieut temperature o r  systemic infection causing fever, miniature 
swine will tolerate 60 watts added heat for 24 t o  36 months without 
overt alteration of physiologic functions. 
rates t o  t he  group of heated animals I n  the  chronic study ranged 
fkom 0.16 t o  0.9 w a t t s  per kilogram of body weight. Flux at the 
beat trtmsfcr surface is 4.7 watts per square centimeter." This 
cootract wau terminated in June, 1973. 

The reports of the 

In the absence of high 

Specific heat input 

A rinniltaneous rtudy on dissipation of excess thermal energy was per- 
formed under the auspices of Thermo-Electron Corporation (Contract 
lo. PH-43-66-982). In t h i s  proJect, the effor t  was made t o  dissi- 
pate heat through the pump bladder. 
difficulty with such the- dissipation. 
bladders were covered With flocking i n  the hope that  a "pseudohtima" 

There was a great deal of 
For instance, tho pump 



fight develop on this surface. Under no circumtances have living 
cells been found on such pump surfaces through which thermal dissi- 
pation has been undertaken. 
uti l ized by G i l l i s  is br i t t le  end the surfaces t o  which it is fi t ted 
muut apparently be rigid rather than flexible. 
that $1,155,402 was expended on this study on thermal dissipation 
hvolving the H-TAH pump designed for the  purpose without there 
being evidence in the  Program of a single  trial uti l izing a device 
*dependent upon thermal dissipation through a pyrolytic carbon 
durface, un t i l  Dr. Pitzele'a entry on the  scene. 

After failure of the H-TAH (see a w e ) ,  a feasibi l i ty  study wa8 
done, with Dr. Peter Richardson of Brown University as consultant, 
t o  see i f  the  hydraulic d s y m m e t r i c  Model X could replace the 
H-TAH a8 a test vehicle for the nuclear engines. The polyurethsne 
bladder proved t o  be too great a barrier t o  thermal dissipation. 
Therefore, at the ini t ia t ive of Dr. Pitzele, the &cision was made 
t o  design a new pusherplate pump with t h e d  dissipation through 
a r igid campanent coated with Pyrolytic carbon i n  which no attempt 
is t o  be m a d e  t o  dissipate heat through synthetic polymeric 
rakrials. A subcontract has been l e t  t o  Dr. Y. Nose t o  determine 
the shape for  a proper anatomic f i t ,  work which Dr. Nose had already 
been doing under the auspices of the AEC. 
Dr. Pitzele and Dr. Dennis of t he  faultiness of the former patterns 
without proper expertise in  the Program Office, t h i s  problem 5s 
tin- being approached in  a thoroughly well-ordered fashion. 
(Attachment 5, Blue dheet, Oct. 18, 1974, Contract Ho. NO1-HV-6- 
982, "Continued study of the effects of added intracorpareal heat", 
and nemorandum, Oct. 21, 1974, from Dr. Htze le  t o  Director/DHVD, 
Request for noncompetitive contract renewal). 

Unfortunately, the pyrolytic carbon 

It is perplexing 

Upon pinpointing by 

3. Electromaun e t i c  Delivery of Energy through the Intact Skin 

- Y e t  mother area in which the averall Program has suffered f'raap in- 
coordination is t ha t  of electromagnetic energy transfer through the 
Intact  chest w a l l .  

' Schuder under Grant lo. 2Rol-HL-05854, start ing i n  1960. 
rucceeded h aecumplishing a coupling at 1000 w a t t s ,  Yowrfods of 
an hour in large dogs and sought in 1972 t o  have his progrsm ex- 
tended t o  permit him t o  transmit power at  the level of 2000 watts, 
Vhich with developing implantable electrically driven a r t i f i c i a l '  
heart devices should have provided the  day's need for  energy in 
about 30 dnutes.  The Cardiovsscular and Pulmonary Research Study 
~on-BRrcceted_thia_request  for renewal because of sbsencc at 
that-time of a system which could accept the energy which Dr. 
&huder's research would  provide. 

Work an. this  was i n i t i a l l y  started by John C. 
Schuder 

A recand investigator, E f r m  Dean Porterfield of Hamilton Standard 
Mdsion (Contract lo. PH-43-67-1406) , developed an implanted 
8eCollda1-y pancake coi l  and an external primary capable of trans- 
mitting more than 30 watts of controlled power across t h e  intact  
8kin at a frequency of 522 kilohertz (Schuder had used 428 ki lo-  
hertz). 
there was difficulty v i t h  breakage of leads and with encapsulatlon. 
Although the precise placcmtnt of the  primary co&l is cr i t ica l ,  the 

This system performed satisfactorily while in operation, but 
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Aunual Reports of the Art i f ic ia l  Heart Program do not make mention 
of t h i s  having been a difficulty in Porterfield's derice. This 
program vas terminated on Hovember 26, 1969, apparently because of 
the problem with breakage and encapsulstian. 

A turd study on transcutaneous paver transmission was that of the 
e m f o r d  Research Insti tute (Contract Bo. PH-43-67-1422). 
Involves a suitcase handle covered with skin by a plastic surgical 
procedure as part of a closed co i l  structure in the secondary COPL.. 
p e n t  of the  device, which provides a magnetic path t o  provide 
efficihn$ coupling with the  pri-. Although t h i s  device has 
vorked over a range from 20 t o  120 w a t t s ,  studies at the I l l ino is  
a s t i t u t e  of Technology t h i s  past year indicate t h a t  prolonged 
uti l ization of t h i s  device is impassible becauae of erosion, nec101)Is, 
and infection. 
29, 1974, but not renewed). 
transmission Program has been abandoned for these reasons ($1,504, 
744, which also includes an electric power converter, also nQy 
abandoned). 
dropped on4  when studies proposed by Dr. Pittele demonstrated 
weaknesses which should have been apparent f romthe  start. 

This 

(The IITRI renewal proposal, 74-6794, submitted July 
The entire SRI transcutaneous power 

This contract was continued over six  years and was 

It $8 as though there were no clear concept of the various patterns 
of work in progress simultaneously either on the part of the Prowam 
Office or on the par t  of t he  C a r d i o v a s c u l a r  and pulmonarg Research 
Study Section B. The Program is currently left  without any satis- 
factory transcutaneous pattern of transfer of energy. 
f 

4. mcapsulation 

In  the l i g h t  of the  abandonment of the H d l t o n  Standard pattern 
because of difficulty with lead breakage and encapsulation, It is 
Interesting t o  review the progress of Lee Pharmaceuticals (Contract 
Ho. PH-43-68-1409). 

. tially under Epoxglite Corp:, a parent company of Lee pharmaceuticals), 
a series of polyurethane and epoxyresin materials was developed for  
bsulation of implantable devices of i n t e r e s t  t o  t h e  PFogram Office. 
It was considered that  the problem had been solved, nnd it is stated, 
"In View of the stated lack of need for  the encapsulation services 
of Lee Pharmaceuticals, t h i s  contract was terminated on March 24, 
1972". (Annual Report of MDAB, 1972).  his was an unfortunate 
development inasmuch 88 recent work at the Pennsylvania State Uni- 
versity indicates tha t  the major problem in development of recharge- 
able long-tern pacemakers lies in the  lack of satisfactory cncapsul& 
tion. This is also a problem in pump implants ( A l  above). 

During the f i rs t  two years of the contract (ini-  

5. Percutaneous Leads 

A moat uufortunate misJudgment of necessities is  t ha t  involving 
--lite Corporation (Contract No. PH-42-67-1108), set up for  the 
purpose of development of satisfactory long-ten percutaneous leads. 
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The contractor developed a cyl indrical  conduit with a subcutaneous 
fenestrated s k i r t  which behaved in vary satisfactory fashion but 
8tiU had further work t o  be done. 
WMB the statement is made, "This design of percutaneous leads 
rhows sone promise, but since it docs not require further develop- 
#nt at t h i s  the ,  t h e  research and development contract was termi- 
nated on A u g u s t  24, 1969," 
percutaneous leads, work on which was thus abadoned i n  1969, has 
been the single chief obstacle t o  long-term euccess in driving 
art if icial  hearts and devices for circulatory assistance by mean8 
of percutaneous conduits, and the  expenditures Btmaed at driving 
art if icial  hearts without orcrcanring t h i s  difficulty heve mounted 
t o  d l l i a n s  of dollars. 

In  the  Annual Report of t h e  

The lack of availability of satisfacbory 

'Ibe problela of delivery of energy t o  devices implanted within the 
body is still without solution, as is apparent from three recent 
memoranda within CDB (Attachment 6 ) ,  The only successful percu- 
taneous tube developed by the most successful of our contractors' 
efforts, that  of IgCNA-Searle, is a dialysis shunt which i n  man 
has been effectively Implanted in patients for  up t o  1 4  mrmth8. 
The latest annual report of Searle (Contract No. 801-HV-1-2035, Feb., 
1974 t o  Jan., 1975) s h c k  tha t  (LS far as percutaneous vascular, 
pneumatic, or electr ical  leads are concerned, everything remeins 
t o  be done. 
Infected. ( I t  is true the t  one group w i t h  no iunding from the 
Art i f ic ia l  Heart Program has reported a percutaneous device which 
htm f'unctioned vithout infection in dogs for over 9 months(9). 

In vlve trials with percutaneous blood leads all became 

6. ' ~ b c  Vena-Arterial m a s s  system 

An example of failure t o  appreciate scient i f ic  problems on a broad 
base is the development of the VAB (veno-arterial bypass system). 
Like the H-TAH pump before it, this was developed on the fabrication 
contract with TECO without t h i s  reviewer being able t o  find evidence 
of evaluation of the plans by an outside ad hoc scientific review 
group. 
in home and without competitive review, for 9r. Harmison's name 
wa8 placed an t h i s  device also. 
recourse t o  available scientific knowledge such as the  contract with 
General Electric Co. (PH-43-67-1121) cmcerned with studies of blood 
tlav in and adJacent to  blood pumps, which was terminated August 29, 
1969, w i t h  a statement in the Annual Report of the Art i f ic ia l  Heart 
Program, "Although a need exists for  fur ther  developing and under- 
atanding the basic rheologic phenomena applicable t o  a r t i f i c i a l  
aystem8, restricted funding levels would not p e d t  continuation 
of thi8 effort." A small study on rheology was thus terminated while 
the Program proceeded t o  spend approximately $450,000 on a VAB which 
t h e  smaller study w o u l d  have indicated t o  be unsatisfactory i n  the 
firat place. The VAB was ultimately abandoned for the very reasons 
being explored by t he  GE contractor. (Attachment 2; Attachmmt 7) 

The question again arises as t o  whether t h e  concept developed 

This dev5ce.was developed without 
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7. Thenml Engines 

In cantrast t o  the AEC, which in  1970 ernbarked upon detolopenent of a 
single thermal engine (which is not necessarily the  best even though 
chosen after exhaustive review), t h e  NE1 Program was launched w i t h  
questionably sufficiently thorough invecrtigation and f’unded several 
cantractors and designs. The contracts which hare been active in 
th i s  area are shown i n  Table  YII. 

The m l t i p l e  approach with Insufficient prior investigation has 
resulted i n  f’unding of patterns of thermal drives which should have 
been re3ected outright on the basis of t h e  physiological implic& 
fionr. For instance, Contract No. 3 of Table  VI1 proposed a device 
t o  sit on tho diaphragm which would cover most of the  diaphrw. 
There apparently was no realization QL the pert of the contractor 
or of the  staff of the Artificial Heart Progranthat postoperative 
failure of the  diaphragm t o  m o v e  normally is one of the m o s t  important 
and serious complications during the  postoperative period. This 
cantract was terminated in 1973 with orderly phaseout in  1974, a 
disconcerting decision which was eased by the shortage of funds 
at t h a t  time. 

SMlarly,  contractor No. 2 above, although highly effective, was 
phased aut i n  1971. 
system uniquely incorporates a varied, l i g h t  displacer unit which 
*sea minimum iner t ia l  forces on the system and permits the  use 
of a self actuator and control mechanism t o  &Just the speed auto- 
matically upon demand. 
pcrver is msried t o  meet physiological demmds. This minimizes tho 
internal unswept volume, thereby reducing the thermodyndc in- 
efficiencies. 
which yields a high power density energy system. 
engine has been developed sndtested. 
8urrtaining mode at speeds varying from 100 t o  1975 rpm. 
*rp, the t o t a l  heat input was 35.6 w a t t s .  These tests showed tha t  
a thennsl  reservoir can be used effectively t o  store energy from a 
50 watt source. The practicality or t he  actuator conccpt was also 
verified. 
t h i s  positive displacement actuator has a no-s ta l l  characteristic. 
The combination of the positive drive actuator and very l ight moving 
parts results i n  LUI engine system capable of very fast response. 
The system operated at normal design pressures of 1 O O O / l 2 0 0  psi, 
8howing t h a t  high pressure engines with inherently snallcr components 
can be fabricated.....The accomplishments of the present program have 
added a practical new engine concept. The knowledge gained i n  l o w  
inertia, positive displacement systems operating at higher pressures 
permits the concept t o  be considered in  mating the S t i r l i ng  engine 
with the blood pump. 
being phased out i n  an orderly manner.” 
secaed hpressivc for  a study of feasibility. 

The Annual Report of MDAB states, “This 

With t h i s  direct mode  of control, t he  enghe 

The system provides a very compact overall design 
A breadboard 

This engine ran i n  a self- 
A t  350 

Unlike the constant speed resonance type S t i r l i n g  engines, 

I)uc t o  funding limitations t h i s  program is 
Why t h i s  one? The progrerr 
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As t o  the remaining engines, review in  the spring of 1973 found it 
polrsible t o  eliminate lo. 3 above but could not make a decision 
between the  two S t i r l i n g  engines, Eo. 1 end Bo. 4 above, and the 
review group discussed and suggested a plan by which one more year 
of funding be provided t o  permit provision of data sufficient t o  
sake a choice between than. The sheets prepared by DEA after 
$his review unfortunately do not mekt t h i s  clear. 
the differences in data from bench testing were not clear and 
that more information was needed concerning potential increases 
In  efficiency and decreases i n  s ize  if  either was ever t o  be 
considered for implantation i n  man. 

In the reviev of June 10 and 11, 1974, with changed direction of 
the Rogr'am, t h i s  earlier recommendation was naturally overlooked, 
urd both these contracts were renewed, not for  one year, but for  
two years, on the thesis tha t  the level of funding would not permit 
8 more crccelercrt&d pace. lo. 5 and No. 6 were simflarly awarded 
contracts for two years. (lo. 6 had been cr i t ical ly  reviewed by 
AgC and sajudged not worthy of support.) The cost of t h e  f i rs t  
year of these four contracts alone is $2,750,000, 

It is true t h a t  

In contrast, fh.. Wm. E . . M t ,  vho attended the review and was not 
given the courtesy of input, privately informed the author tha t  
for a decision on contractors at the start of t he  AEC program i n  
1970, and for  a less  important decision, the AEC had a group of 
five consultants before taking TRW and Westinghouse and s e t t l i n g  
an the  la t te r ,  and that  they vorked f u l l - t i m e  for three weeks. 
Several d q s  were required for orientation of t h i s  group, and the  
hxll group spent at least a daJr v i s i t i n g  each eontestant. 
VOlmteered that the AEC has expertise which is not t o  be found 
at m I  and suggested a joint staff review of al l  power sources 
With consultants who clearly would f i l l  t h e  gaps in  the orientation 

concerned at T e r n ,  I .Y. ,  August 21, 1974, with but one staff 
member of CDB in attendance. 
uhce  the  suggestion. 

H e  also 

XHLI. This vas done as far as the  AEC engine program was 

Ho Joint review han occurred i n  N H L I  

There has been in the Prograa too much of token reviews, such as 
three t o  four hour8 t o  Judge all the thermal engines without group 
site vis i t s ,  albeit after delitrery of t h e  proposals for renewal 
t o  members of the task  force, which, it became clear at some meetings, 
were commonly indifferent ly  studied in admnce, and sametimes not at 
all. 
the -- ad hoc review group was that  the  in-house staff had already made 
the decisions enyway. 
of multiple contractors, ostensibly t o  leave no possible pattern 
unexplored. The AEC has concentrated on one Stir l ing en@ne, the 

Finally,  it m occasion appeared tha t  the feeling of some of 

The result appears t o  have been the funding 
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luger version of vhich has been in remice for  20 years. 
there are obvlous faults in  the  AEX system, it is the AEC opinion 
after s i t t ing  i n  on the t w o - d q  review of NHLI engines last June, 
that the AEC engine I s  more refined, more efficient,  and more 
llkely t o  endure than any i n  the  N H U  Prograas. 

Althaugh 

A thorough data retrieval system aad a much more thorough reflev, in- 
cluding all-- site visits, by a wel l  selected task force might 
produce fer more cost-effedirene8s. 

8. Clinical Use of Lef't Ventricular Assist Devlces 

The drive of t w o  contractore to make c l in i ca l  evaluation of l e f t  
Ventricular assist devices (LVAD) provides an exrrmple of t he  
hadviaabili ty o i t h e  ef for t  t o  direct a contractual program 
without having it effectively monitored by someone with both ex- 
pertise and responsibility and authority t o  exercise it. 
tor in these two cases was Dr. Pittole, a highly gifted and compe- 
tent  surgical cardiovascular physiologist, but he had not been 
p e d t t e d  t o  apply his  expertise to  the problems. 
tpecial task force met with t h e  Director of BHLI on Oct. 28, 1973, 
t o  study and make recammendations upon t he  devices and proposal8 
tor use of them. A highly knowledgeable subcommittee met i n  December, 
md there resulted reconmendations as t o  t h e  numbers or experiments 
and the mlnimrl duration of support by such devices which should 
precede cl inical  evaluation. 
required proven duration of reliable function was shortened without 
consultation with bfre monitor or with the Special Assistant for  
Technologp/OD, who had been asked by the  Director t o  exhibit a high 
degree of visibi l i ty  i n  the matter, t o  a period which is not justl- 
f i m e  in the eyes of the author of t h i s  position paper. This was 
done by phone c a l l  t o  the  3 members of the subcommittee. (There is 
man for difference of opinion, but some expert opinions within 
HXLI w e r e  ignored, the writer's and Dr. Pltzele's. It is not known 
whether the remaining members of t he  t a sk  force were consulted.) 

The moni- 

An elegsnt 

As Attachments 8 and 9 indicate, the 

9. Studies of Effects of R a d i s t i o n  on A n h a l s  

The studies on implants of radiation-equivalent sources (RES) were 
undertaken in what has now been aafudged t o  hsve been inadequate- 
pluming. - A  group of s i x  baboons in the program has been the cause 
of redew and tho decision that the information t o  be gained after 
years of care of these animals is not worth continuance,- and the  CDB 
of'fice and a group of consultants are working on a protocol t o  get 
vhat can be learned from them. The opinion appears t o  be t h a t  a far 
more imaginative set of experiments should have been s tMed,  including 
larger groups of smaller animals half  of which should carry the RES, 
vi th  continuance of w e l l  characterized observations 011 both graups. 
If th i s  is t o  be done, it w i l l  require years from the present time. 
(Attachment 5, page 4) 



The major shortcoming i n  the systen as  i t  has been operat ing 1 i e s  i r i  

t!w factors .  The f i r s t  of  these i s  the attempt t o  use a pa t te rn  o f  

systems engineering i n  a s i t u z t i o n  i n  which the basic s c i e n t i q i c  under-  

stai lding and technology are not  y e t  i n  hand. 

i n  Scct ion VI I I ,) 

(This w i l l  be ct;sc*J.,scd 

The second mechanisms 1 i es  i n  the t o t a l  l y  i n a d x u a t e  personnnl w i t h i n  

the National Heart and Lung I n s t i t u t e  t o  guide such a program. The 

s ta f f  simply lacks both the necessary numbers and the necessary ex- 

p e r t i s e  t o  grasp the many po in ts  o f  s c i e n t i f i c  p rec i s ion  which 

be w e l l  i n  hand.* 

must 

9: An example o f  the inef fect iveness which r e s u l t s  from the combination Gf 

these two fac to rs  i s  t h a t  having t o  do w i t h  external  compression counter- 

pu lsat ion.  The D i v i s i o n  o f  Heart and Vascular Diseases planned a t r i a l  

of t h i s  device and had a task group i n  t o  discuss i t . d u r i n g  the summer 

of 1972. 
f a r c t i o n  Research Uni ts .  Although I hold the patent on the device 

(through the N I H ) ,  I was not  asked t o  p a r t i c i p a t e  i n  the d.iscussions. I 
learned o f  the meeting i n d i r e c t l y  and asked t o  at tend long enough t o  p o i n t  

ou t  t h a t  the device which the MlRU study was planning to yse i s  not  s a t i s -  

factory  and t h a t  i t  would be good judgment t o  await a much more adequate 

I t  was planned t o  u t i l i z e  i t  i n  several o f  the Myocardial l n -  

device which w i t h  the he lp  o f  t h i s  program would be ready w i t h i n  months. 

My advice was disregarded, and the study went ahead i n  the MIRU's a t  a 

cost  n o t  known t o  me. The conclusion was tha t  the method i s  not  d e f i n i t e l y  

helpful . '  Proper evaluat ion o f  the method should have u t i l i z e d  apparatus 

of acceptable q u a l i t y .  (Patent 3,303,841 - Process and Apparatus f o r  

Pressur iz ing Lower Ext remi t ies o f  a Pat ient  During Ven t r i cu la r  Diasto le ,  

Febrirary 14, 1967). 

This example i s  c i t e d  even though i t  was not  i n  the A r t i f i c i a l  Heart 

Program because i t  exempl i f ies the inadequacy o f  our decision-making 

processes, i n  t h i s  instance rather  apparently. both hecause of  l ack  o f  

proper expert ise i n  the program i n  quest ion and because o f  the f a i l u r e  

t o  use proper  c x p c r t i s e  which was ava i l ab le  i n  NHLl. 



Succecsful scientific invec:,ti”?tive vork ir; 1 ikniy to be accom1 ish?.’ 

only u n d e r  tti? close direct ion of imiinative, Lx.wledoeable, m.-csricr:c?:. 

and a b l e  invcst i r ia tors  provided with facilities, S U D P ~ ~ ~ S ,  and DersonnC1 

to ’oerni t thc,:: t o  bc  f irst-personal ly involved i n  t h e  work in cro(iresc3. 

Thc program on the ai-tif icial heart reiui res for satisfactory procrc.:,rb 

m m i  tors w i t h  expertise in th12 fcll lo . . r ir tq  areas; 

Cardiovascular physioloqy 
Cardiovascular surgery 
Card i olopy 
Hematology 

Pat ho 1 ogy 
Radiological physiology 
Nuclear engineering 
Electronic engineering 
Hydraulic bioengineering 
Biochemistry 
Polymerchemistry 

Mechanical engineering 
Governmental personnel ceilings prohibit the gathering together of a 
corps with these areas of expertise quite apart from the ceilings on 
government salary which exist today. 

The actual situation personnel-wise in the Artificial Heart Program, 
including biomaterials as well as the related instrumentation, is one 

in which there is one polymer chemist, one coagulationist, one cardio- 
vascular physioloaist who happens also to be a cardiovascular surgeon. 
Although the renainder of the staff is dedicited and assiduous, the staff 
fails to provide the depth of expertise required. 

It i s  true that expert task forces have been gathered to review initial 
proposals and proposals for renewal or evaluation, but these groups 
can meet only periodically and cannot give’the continuing guidance 
which is essential i f  basic scientific investigation is to be success- 

fully kxecuted. 
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Recruitment o f  an a a e a u i t c  stafi v i t h i n  tho N2t iona l  lieart and Luna 
lnsti tute for the ourposes of dcvelopnont of devices for circulatory 
assistance and artificial hearts is blocked not only by the ceilings 
an personnel and the ceilings on salarvj, but also by the lack c f  

c:,,qrtunity for first-pcrson31 involverv?nt in t h e  work in questim. 
E: ,"arts t o  anel iorate this situation by the scqiiisi tion of  laboratory 
sv:ce aiid op,oortuni ties close to !!Ill werc frustratinalv f ruitlrsc, 

evcn before the Presidential inipouridncnt o f  funds rendered considera- 
tion of this move impossible. 

The need for first-personal investigative activity in the laboratory on 
Qhe part o f  those who monitor developmental contracts re.lated to the 
artificial heart was expressed by Dr. Frank Hastinps. It was re- 
expressed by the -- ad hoc task force which generated the 1969 Report on 
Cardiac Replacement as follows; “Since the Program has no intrsmrrral 
laboratory facilities for research and development, scientists respon- 
sible for its direction are handicapped by the absence of opportunities 
for f irst-hand experimental experience.” (paqe 28) (2) 

of the present report, several consultants have vigorously indicated the 
need for laboratory facilities in the immediate Sicinity of the monitors 
so that they could be directly involved. 
Willman and Dr. John Waldhausen. 

In the preparation 

Two of these were Dr. Vallee 

A step in the development of the thesis for first-personal scientific 
involvement i f  strong scientists are to be recruited and held is 
presented in Attachment 4. 
since the time of that memorandum, the thesis remains the same. Further 
input in this direction has not resulted in strengthening the situation 
because of the ceilinq in personnel (See Attachment 5). 

AlthOuQh the structure o f  NHLl has changed 

E. Restrictions on Trsvel 

In recent months, both the crisis in enerqy faced by this country and 

the efforts to  economize in governmental operations have led to curtail- 

ment in allocations for travel. Thus in a program with a larpe measure 



of a c t i v i t y  re la ted  more t o  bas ic  s c i e n t i f i c  inves t iga t ion  than t o  

technological development i n  areas I n  which the basic technological 

informat ion i s  we l l  i n  hand, p rec ise ly  tha t  c lose p a r t i c i p a t i o n  and 

supervis ion essent ia l  t o  success i s  hampered not  on ly  by inadequate 

numbers o f  personnel and inadequate exper t ise on the p a r t  of t h i s  

inadequate number, but  a lso  by a supposedly coordinated program which 

Is widely d i s t r i b u t e d  a l l  over the United States i n  the presence of  

r e s t r i c t i o n s  i n  t rave l  which render the needed monitor ing and super- 

v i s i o n  impossible. 



SECTION Vlll 

THE CHOICES 

A, Research and Development 

While i t  i s  possible for a contractor to fellow new avenues of research 
as they become apparent, in the present pattern of organization of the 
Artificial Heart Program this can properly be done only after conferring 
with the project monitor. This incurs delays which may defer pursuit 
of the idea or ideas until they are impaired by loss of enthusiasm or 
experimental materials or preparations. 
from lack of availability, expert'ise, judgment, or even orientation of 
the project monitors. 
procedure, for the salary levels, investigative incentives, opportuni- 
ties for recognition for input of scientific ideas, and separation from 
personal involvement in Investigative work all tend to fail to attract 

Further delays often arise 

N I H  i s  hard put to justify this pattern of 

or hold pcrcnnel with both sound scieritific ebullience and productive 
expertise. 
very little investigative expertise in the position of making scienti- 
fic judgments involving the work to be done b$ renowned pioneers. The 
results have too often been disastrous (H-TAH,'VAB, TECNA MINI H-TAH, use 
of the medical innovations external compression counterpulsation in 
the MlRU program, the Dow Capillary Membrane Oxygenator, problems in 
thermal dissipation, and the i ll-conceived studies in NHLI on tolerance 
to implanted radioactive sources.) 

This defect has even been compounded by placing men with 

I t  i s  not possible effectively to direct technical developmental work by 
the contracting mechanisms without availab.le scientifically able and 
experienced personnel to monitor the work in progress on a day-to-day 
basis, and with present personnel policies it clearly will not be 
possible to recruit or to hold such personnel. 
pounded in that in the presence of the occasional personnel with the 
requisite experience who have been recruited, there is a frightening 
tendency (whether on the basis of  fear or a sense of Insecurity or 

The problem is com- 



ambition) on the par t  o f  career men above them t o  block them from 

posi t ions f o r  which they are prepared and i n  which the program 

desperately needs them. 

In ,v iew*of  the points developed thus f a r  and f o r  purposes o f  

consideration o f  a l te ra t ions  i n  patterns o f  operation which might 

be maximnl?y f r u i t f u l ,  i t  i s  appropriate t o  l i s t  the obstacles: 

i. 

2. 

3. 

4. 

5 .  

6 .  

7 0- 

8. 

I nsu f f i c i en t  numbers o f  s t a f f  f o r  proper proiram moni tor fng, 

I nsu f f i c i en t  expert lse among that  i n s u f f i c i e n t l y  numerical 

staf f ,  

Inadequate salary t o  a t t r a c t  the excellence needed f o r  p a r t l -  

c u l a r l y  the basic s c i e n t i f i c  research required, 

Absence of the opportunity for  f i rs t -personal  involvement as a 

means both t o  a t t r a c t  the required i n t e l l e c t s  and t o  keep them 

whetted , 

Use o f  even the scient i f ica1. ly q u a l i f i e d  personnel on the s t a f f  

of NHLI i n  t h i s  area i n  purely mechanical administrat ive capaci- 

ties f o r  which they are not prepared whi le  f a i l i n g  $0 u t i l i z e  

t h e i r  area of  special expertise, 

A C i v i l  Service System which prevents the removal and replacement 

of Ine f fec t i ve  and/or uncooperative perscnnel (A haven f o r  the 

unproductive cannot be the nucleus f o r  b r i  11 i an t  advances), 

Wide geographical d i s t r i b u t i o n  o f  contractors, requi r ing extensive 

t rave l  on the par t  of  monitors, 

Res t r i c t ion  on t ravel ,  
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9. 
favorable) developed i n  the program and i n  the f i e l d  outs ide the program, 

Absence of  a r e t r i e v a l  system f o r  data (both favorable and un- 

10. Fal l u r e  o f  adequate i n t e r d i s c i p l  inary  co l laborat ion.  

subcontracting has been done from academic i n s t i t u t i o n s  t o  i n d u s t r i a l  

ones; and although Subcontracting has been done from indus t r ia1  con- 

t rac to rs  t o  academic groups , the closeness o f  the co l labora t ion  between 

these groups has been less than ideal ,  espec ia l l y  i n  some areas.) , 

(A1 though 

11. The Insa t i ab le  urge to go t o  implantat ion o f  devices i n t o  animals, 

p r imar i l y  calves. 

above headings, but  i t  has been such a constant cha rac te r i s t i c  of the 

program tha t  emphasis is i n  order. A small change i n  one po r t i on  of 

the pump i n  one laboratory was fol lowed by implantat ion a t  a cost  to 

the Program o f  some $6,000 without  i n i t i a l  evaluat ion on the bench. 

Program O f f i c e  i n  another instance urgent ly  ordered a ser ies o f  56 
implants o f  thermally powered devices wi thcut  completion o f  pre l iminary 

tes t i ng  on the bencb. (Contract PH43-67-1425, which terminated Ju ly ,  1973, 
because o f  the cont rac tor ' s  re fusal  to submit a proposal i n  p ro tes t  

against use of animals i n  t h i s  manner)), and 

(This perhaps should be included under one o f  the 

The 

12. The f a l l a c y  o f  u t i l i z a t i o n  o f  people i n  a bureaucrat ic environment 

as s c t e n t i f i c  monitors. 

s c i e n t i f i c  inves t iga t ion  requires e f fec t i ve  fol low-through, and i n  

government "there i s  always a c r i s i s  t o  deal with"....that requires 

"federal managers t o  tu rn  t h e i r  a t ten t i on  away from important. long-term 

goals to deal w i t h  short-term contingencies"). 

(As pointed out  by Freder ic  V. Ma!ek,(l0) sound , 

13. Fa i lu re  t o  u t i l i z e  the exper t ise o f  s c i e n t i s t s  who have been re- 

c r u i t e d  because o f  t ha t  expert ise,  

menti tas on the basis of  h i s  background i n  pumping blood, i n  surgery, 

i n  physiology, and i n  c i r c u l a t o r y  assistance. 

t i o n  wi th  f a i l u r e  o f  con t ro l  of the program, when t h i s  s i t u a t i o n  had 

j u s t  been corrected by t rans fer  ou t  o f  cons is ten t ly  devious and 

des t ruc t ive  personnel, the D iv i s ion  o f  Technologlcal Appl icat ions was 

abrupt ly  disbanded. The author s ince t h a t  dtsbandment, (August, 1973) 

(In the case of the author, r e c r u i t -  

A f t e r  months o f  f rus t ra -  



has endeavored t o  "coordinate" technological development i n  NHLI w i t h  

l i m i t e d  success and has been i n  essence kept busy w i t h  a panoram& of 

a c t i v i t i e s  fo r  which he i s  not  p a r t i c u l a r l y  we l l  grounded wh i le  h i s  areas 

of  exper t ise and the basis f o r  recruitment of him have been ignored. 

s i m i l a r  pa t te rn  was appl ied i n  the case o f  a surgeon-cardiovascular 

phys io log is t  recru i ted  by DTA i n  January, 1973, whoe exper t ise was ignored 

or overriddcn for  near ly  a year a f t e r  disbandment of DTA whi le  decis ions 

were being made against h i s  advice which were foolish and c o s t l y  (e.g. 

Mini H-TAH pump)). 

A 



The possible steps which might overcome these shortcomings were rather 

ca re fu l l y  studied. In  a dlscussion w i t h  M r .  Lyman Moore i n i t i a l l y ,  he 

indicated that  the program management pat tern grew out o f  m i  1 i tary  

procurement and might have some Val i d i t y  as f a r  as our s i t u a t i o n  i n  

the Natiorial Heart and Lung I n s t i t u t e  is concerned. In t h i s  the 

pro jec t  manager i s  put i n  charge o f  a major program i n  which several 

d i f f e r e n t  l i n e  elemcnts operate i n  a p a r z l l e l  fashion. He has 

au thor i ty  t o  demand resources from other l ines  t o  be put i n t o  l i nes  

i n  which t h i s  would appear t o  be useful.  

t h i s  i s  d i f f i c u l t  because o f  shortages one place o r  another. 

makes the pro jec t  manager a s o r t  o f  a prest id ig i tator-master.  

He noted that  sometimes 

This 

The d i f f i c u l t y  which led t o  t h i s  pat tern was that  there existed i n  the 

m i l  i tary  a general s t a f f  without necessari ly the expert ise and perhaps 

a lso without w e l l  pinpointed respons ib i l i t y .  

the respons ib i l i t y  i n  a precise fashion together with au thor i ty  t o  

command and d i r e c t  resources. As f a r  as technological development i n  

the National Hear t  and Lung I n s t i t u t e  is concerned, Hr .  Moore suggested 

the so lu t ion  might be t o  set  up a p ro jec t  manager t o  run the whole 

The concept was t o  f i x  

program regardless o f  the d iv is ion .  

be i n  the Di rector 's  o f f i ce .  

special corporation might be created, 

type with a board o f  d i rectors  and a s c i e n t l f i c  s t a f f ,  

large ly  t o  be fu l l - t ime,  and the se lect ion o f  them supposedly t o  come 

from the Di rector 's  o f f i ce ,  presumably largely  from the coordinator 

of technological development. I t  was his thought that  the general 

p r inc ip les  would be set by the board of d i rectors ,  but that  the co- 

ord inat ion and supervision o f  the work o f  contractors would be the 

business o f  the s c i e n t i f i c  s t a f f ,  the corporati.on being under contract  

w l t h  the National Heart and Lung I n s t i t u t e .  The s c i e n t i f i c  s t a f f  

would be persons o f  acknowledged expert ise i n  the required f i e l d s  and 

In  Invest igat ion.  I t  was h i s  thought tha t  such a pat tern might 

provide us w i t h  the ca l ibers o f  s c i e n t i f i c  preparation o f  protocols 

guidance, and monitoring needed t o  do our job o f  development i n  a 

proper fas h ion. 

He could be i n  Heart o r  he could 

He suggested the pos 's ib i l i t y  that  a 

I t  would be'of the " th ink tank'' 

the- . la t ter  



Orientat ion concerning the p o s s i b i l i t i e s  o f  systems engineering was 

sought through several publ icat ions which were recommended 

With a reasonable grasp o f  the general thesis gained i n  t h i s  fashion, 

e f f o r t s  were made t o  consult with indiv iduals h igh ly  experienced i n  t h i s  

f i e l d .  One observation which came from these studies i s  that  t h i s  systems 

pat tern o f  management i s  l i k e l y  t o  be very expensive, p a r t i c u l a r l y  when I t  

comes t o  the se t t ing  up o f  such a program i n  the Government, i n  which the 

(11,12,13)* 

l i ke l ihood i s  that  judgments w i l l  be made not so much on the basis o f  

the end resu l ts  as on the basis o f  apparent a c t i v i t y .  

course o f  reading were any statements found w i th  regard t o  the possible 

r o l e  o f  t h i s  pat tern o f  management i n  basic s c i e n t i f i c  invest igat ion.  

Nowhere i n  the 

Dr;,Stuar.t Bondurant was consulted because o f  h i s  background o f  ex- 

perience w i th  the A i r  Force and because he used t o  be a consultant 

to Aerospace. The P,ir Force f i r s t  used Rand Corporation. 

Another development under t h i s  pat tern was that  o f  the b a l l i s t i c  miss i le ,  

for  which General Shriver contracted the management of  the operation t o  

Aerospace Corporation. 

It d i d  not seem appropriate e i t he r  t o  D r .  Bondurant or  the author t o  

approach the o f f i c e r s  o f  e i t he r  Rand o r  Aerospace i n i t i a l l y  and perhaps' 

not a t  a l l  as i t  i s  rather l i k e l y  that  one or  the other might have f e l t  

that  the opportunity should be vigorously exploi ted t o  seek f o r  h i s  

i n s t i t u t i o n  the contract i n  question w i th  the National Heart and Lung 

Ins t i t u te .  I t was therefore the decision that  i t  would be wiser t o  con- 

k 

t ac t  people associated w i th  the Department of Defense and seek to get 

answers from t h i s  vantage point ,  deferr ing possible communication w i t h  

the Rand Corp., the Aerospace Corp. and Mitre.  

The f i r s t  contact i n  DOD was Colonel Russel E. Hensley. He holds a 

Ph.D.-degree i n  astronaut ical  engineering from Stanford Univers i ty  and 

i s  engaged i n  ge t t ing  a Ph.D. i n  Business Administrat ion i n  Health Care 

from George Washington Univers i ty  a t  the present time. We had many 

long sessions together and he, D r .  Ringler and I also had a session 

together. This served h i s  purposes as wel l  as those o f  NHLl because 

of h i s  in te res t  i n  using the a r t i f i c i a l  heart program f o r  a doctoral 

thesis &ward h i s  Ph.D. degree. Col. Hensley interviewed many people 
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i n  the Nat ional  Heart and Lung i n s t i t u t e  and some i n  Bu i ld ing  1 as 

we l l .  

the use o f  the sys tems approach (sys tems engineering) requ i res 

a heavy i n t e r d i s c i p l i n a r y  measure of co l labora t ion  and i t  requires tha t  

the technology t o  be used must be i n  hand, i.e., the fundamental 

s c i e n t i f i c  problems must have been solved, for  the use o f  a systems 

approach is  ef f i cac ious  on ly  i n  developing la rger  components or 

s t ructures wt  0:  Ldsic bu i l d ing  blocks 0.f hard s c i e n t i f i c  information. 

His primary th rus t  a f t e r  reviewing the s i t u a t i o n  was tha t  

In  addi t ion,  he f e l t  i t  important tha t  the leadership i n  such a program 

must know the impact o f  i t s  decisions upon a l l  aspects of  the program. 

He noted tha t  i n  DOD there was a d i s t i n c t  advantage i n  tha t  there i s  a 

ra ther  generous exchange o f  leaders between industry and the m i l i t a r y  

back and forth,  so tha t  each knows the problems o f  the other  and co l lab-  

o ra t i on  i s  thereby improved. 

the program must have feedback so t h a t  the program i s  f u l l y  aware of  

the e f f i cacy  or the lack  of e f f i c a c y  o f  the product i n  the hands o f  the user. 

Most important he f e l t  was the f a c t  t h a t  

Col. Hensley was p a r t i c u l a r l y  impressed t h a t  i n  biomedical develop- 

ment there was very l i t t l e  evidence o f  t r u e  i n t e r d i s c i p l i n a r y  co l lab-  

orat ion.  An example o f  i n s u l a r i t y  of much o f  the medical profession 

was the f a i l u r e  o f  the Lockheed Corporation t o  be able t o  cen t ra l i ze  

the services and the records a t  the Mayo C l i n i c  because of i n a b i l i t y  

to overcome the iso la t ion ism o f  each component o f - t h e  medical pro- 

fession there. 

i n  an unstructured market and f e l t  t ha t  we could not have sound 

organizat ion o f  such a program wi thout  a s o l i d  OMB type o f  exper t ise 

He regarded the physic ian as an unreliable.consumer 

i n  the cent ra l  cadre. 

An hour was spent w i t h  L t .  Col. Richard Coffee,a program monitor o f  

the A i r  Force f o r  Rand Corporation and f o r  Ana ly t i c  Setvices Corp. 

Rand Corp. a t  the moment has been chartered, (1) t o  develop t.he 

ana ly t i c  methodology which the A i r  Force can use to salve concrete 

problems, and (2) t o  t r y  to ascer ta in  answers not on ly  for problems 

which now face the A i r  Force, but  to  t r y  t o  ascer ta in  f o r  years ahead 

what the problems are  which the A i r  Force w i l l  have to face. Rand i s  

therefore a Federal Contract Research Center (FCRC) . Rand , Aerospace 

Corporation, and M i t r e  provide the expert ise which permits the A i r  



Force t o  be c o l l e c t i v e l y  s u f f i c i e n t l y  knowledgable t o  provide moni- 

to r ing  f o r  contractors. 

have'wi th in i t  the expert ise which can be used t o  deal w i th  the 

expert ise o f  those i n  industry. This arrangement has i n  general been 

The fee l ing  was that  the A i r  Force does not 

successful. These concerns thus serve as an in ter face between the 

A i r  Force and industry. 

expert ise i n  h igh ly  d isc ip l ined  areas, t o  provide advice i n  continuing 

This u l t imate ly  serves t o  provide an inhouse 

fashion, and t o  determine i f  the contractors are providing what the 

A t  r Force needs. 

Col. Coffee f e l t  that  the A r t i f i c i a l  Heart Program could be handled by 

.the systems approach more read i l y  than anything else i n  the National 

I ns t i t u tes  o f  Health. He was s t i l l  a l i t t l e  uncertain as t o  whether 

a Federal Contract Research Center i s  r e a l l y  what NIH ought t o  be 

seeking f o r  the a r t i f i c i a l  heart.  

As recommended by Or. Bondurant, a f t e r  considerable inqu i r ies  consulta- 

t i o n  was held w i t h  D r .  John 8. Walsh, Deputy Di rector  o f  Defense, 

Research and Engineering (Strategic and Space Systems). 

a Ph.D. e l e c t r i c a l  engineer who i s  i n  charge of,a11 U.S. m i l i t a r y  

sa te l l i t es .  

fng systems engineering may be found . i n  Attachment 6. 

D r .  Walsh i s  

He i s  a c i v i l i a n  and the de ta i l s  of h i s  message concern- 

O r .  Walsh emphasized vigorously that  systems engineering works sa t is -  

f a c t o r i l y  only i f  the basic technology i s  already known. 

tha t  I n  some o f  the pro jects  w i th  which he has been concerned, basic 

invest igat ion has been necessary. I t  was h is  react ion that  i f  new 

knowledge were t o  be uncovered i n  t h i s  fashion i t  was o r d i n a r i l y  a 

case o f  "lucking-out." He estimated that  the l i ke l ihood o f  having 

mork than 10% o f  basic invest igat ional  work prove f r u i t f u l  'was very 

remote under t h i s  sytem o f  management. 

guiding a large pro jec t  on the basis o f  systems engineering and the 

magnitude of the team which must be assembled t o  do so are too large 

for un ivers i t ies  t o  handle. Systems engineering i s  therefore t o  be 

found almost exclusively i n  large corporations i n  Industry. 

He noted 

He noted that  the costs of 

I n  these 
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programs i t  i s  not  possible f o r  any one ind iv idua l  t o  grasp a l l  o f  

the d e t a i l ,  but  the top leve l  must have-enough o f  a grasp t o  be ab le  

to coordinate the components. 

In regard t o  the development o f  the a r t i f i c i a l  heart ,  i t  was O r .  Walsh's 

op in ion tha t  an e f f o r t  to use a systems engineering approach could 

hard ly  f a i l  t o  r e s u l t  i n  d isaster  simply because so much basic i nves t i -  

gat ion must be done which i s  not  suscept ib le t o  successful a t tack  by 

t h i s  pa t te rn  o f  management. 

ment a re  tha t  these concerns can pay s u f f i c i e n t  sa la r ies  t o  r e c r u i t  

top-notch people who w i l l  do the work proper ly.  

guaranteed leve l  of e f f o r t ,  and sometimes there i s  c r i t i c i s m  because 

i t  laoks t o  some l i k e  simply a way o f  ge t t i ng  around the C i v i l  Service 

' s t ipu la t ions  as t o  salary.  

revolves around the f a c t  tha t  top leve l  people wha have h igh  sa la r ies  

The advantages o f  t h i s  pa t te rn  o f  manage- 

FCRCs are on a 

He f e l t  t ha t  the reason f o r  these c r i t i c i s m s  

' a l s o  are l i k e l y  i n  government) d, have a great  deal o f  power, a com- 

b ina t ion  which i s  dangerous. I n  the case o f  the FCRCs these people 

do not  have much power s ince the contracts can be terminated a t  any 

t ime a t  the convenience o f  the Government. 

I t  was D r .  Walsh's op in ion t h a t  i n  the a r t i f i c i a l k  heart  program there 

i s  SO much basic s c i e n t i f i c  discovery s t i l l  needed tha t  i t  i s  probably 

an area f o r  the independent invest igator  ra ther  than f o r  a. systems 

engineering approach. 

suggested tha t  i t  might be f r u i t f u l  f o r  NHLI t o  get a group o f  top 

leve l  systems engineers t o  review the patterns o f  management o f  the 

program t o  develop an a r t i f i c i a l  heart .  He Suggested s p e c i f i c  names 

of  people who might serve on t h i s  group. 

Attachment 6. 

I n  an e f f o r t  to solve t h i s  problem D r .  Walsh 

These may be found i n  

In response t o  my question as t o  whether i t  i s  feas ib le  to br ing  t r u l y  

top q u a l i t y  exper t ise i n  depth from outside NHLI i n t o  the day-to-day 

operatton o f  the program, O r .  Walsh had f e l t  t h a t  t h i s  was possible 

but  t h a t  f o r  the reasons indicated i n  h i s  discussion i t  was probably 

i r re levant .  With regard t o  the question "Can a prime contractor take 
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over the whole program making all subcontractors responsible to him?" 
Dr. Walsh's answer was "No" with the addition that it would be 
perfectly a1 1 right and easily feasible if a1 1 of the basic technology 
were already in hand. 
he felt that this was not a fruitful course to take. 

Since that technology Is not already in hand 

A half hour was spent with Vice Admiral Eli T. Reich. He has had a 
great deal to do with systems engineering from the point o f  view of 
the military rather than from the point of view of the industrial 
people working for the Pentagon, such as Dr. Walsh. Admiral Reich 
appeared to concur in the messages which I had obtained from Dr. Walsh 
without deviation, Admiral Reich also reinforced the previously ob- 
tained opinion that systems engineering is not a fruitful pattern of 
management of basic investigation. 

B. Basic Scientific investigation 

As indicated in the preceding section, experience has been wide- 
spread that the likelihood of real progress i n  basic scientific investi- 
gation i s  immensely greater by the unfettered grant mechanism than by 
the approach of systems engineering. In this corhection, a portion of 
a letter from Dr. Francis D.  Moore, which was incorporated in a report 
to the Acting Director, NHLI, June 29,' 1974, Gn "The Acadimic Surgical 
Community's Estimate of Policy Needs for the National Heart and Lung 
Institute" i s  as follows: 

"Before you receive this we will all be meeting together in 
Hamilton, Ontario. 

-IlHowever, I can tell you for both of our thoughts, the main thrust 
of .my advice to the NHLl , 

"And that is, to keep"contract research' down to a very minimum. 
It i s  absolutely impossible to foster the growth of important new 
knowledge through the letting of research contracts. 



"I was qu i te  shocked recent ly t o  attend a meeting o f  a large number 

of people interested i n  one of the Nati l inal I ns t i t u tes  o f  Health, 

only to  f i n d  that  the f i r s t  few minutes o f  the meeting were taken 

up by an impassioned defense of the contract  research mode o f  ac- 

t u a l l y  comparing i t  t o  the space program. 

"It was unbelievable that  anyone could be so i l l i t e r a t e  as not t o  

have read the innumerable statements by sc ien t is ts  demonstrating 

the vast di f ference between an engineering achievement such as the 

space program, and the discovery o f  fundamental new knowledge. 

"Our contract  experience w i t h  NHLl has demonstrated the usual 

pernicious tendencies t o  maximum interference w i th  the independence 

of Investigators, and the actual s t i f l i n g  o f  research i n  new 

d i rec t i ons .Is 

This same matter has been discussed w i t h  O r .  Michael E. DeBakey, and 

the response was of  the same impart as the l e t t e r  o f  D r .  Moore. 

. 

In  view o f  the apparently unanimous opinion among those consulted that  

the method o f  systems engineering i s  an extravagaht and unproductive 

pat tern i n  which t o  pursue basic s c i e n t i f i c  research, and i n  view o f  

the experience w i th in  the A r t i f i c i a l  Heart Program out l ined  i n  Section 

A'above, i t  would appear that  some grant mechanism n igh t  wel l  be ex- 

plored for approaching those port ions o f  the A r t i f i c i a l  Heart Program 

in  which there i s  necessity f o r  uncovering'of basic s c i e n t i f i c  knowledge 

rather than development o f  technologies which u t i  1 i ze  basic technologi- 

cal knowledge and s c i e n t i f i c  knowledge already i n  hand'. 

which might be so characterized are the fol lowing: 

Among the items 

' I .  Hater i a1 s 

a. Basic studies 

(1) Compat ib i l i ty  w i th  tissues and blood 

(2) Resistance t o  changes produced by body f 1 uids and enzymes 

(3) Longevity i n  the tissues ( f l 9 x  l i f e  f o r  example) 



b. Physiological studies 

(1) The r o l e  o f  the pulse and the shape o f  the pulse 

(2) The response o f  pulmonary funct ion t o  various types o f  

pumping by a r t i f i c i a l  hearts 

(3) Invest igat ion o f  the control  mechanisms of the normal h e a r t  

3. Thermal d iss ipa t ion  

4. Rheology 

5 ,  Refinement o f  synthet ic 

6. Factors i n  the aggregat 

cardtac valves 

on o f  p la te le t s  and i n  hematologic chant 

7. Del ivery o f  energy in  the body . 

a . .  Electromagnetic transmission 

b. Formulation o f  conduits through the sk in  which preclude adm 

of In fec t ion  t o  the device 

es 

ssion 

The pat tern of coordinated a c t i v i t y  uhich might most reasonably be 

expected t o  accelerate development i n  the f i e l d  of the a r t i f i c i a l  

heart and provis ion o f  c i r cu la to ry  assistance would appear t o  be the 

establishment o f  a sound business re la t ionship between NHLl and a group 

of sc ien t i s t s  o f  such number and expert ise as t o  cover the f u l l  f i e l d  

required f o r  the Program. 

a t  least  one each o f  the fo l lowing types o f  experienced invest igators:  

That group would o f  necessity have t o  contain 

Cardiovascular physiologist  

Cardiovascular surgeon 

Card i o l  og is t 
Hema to1 og i s t 
Pathologist 

Radiation physiologist  

Nuclear engineer 

B topol p e r  chem is t 
Biochemist 



Hydraulic bioengineer 
Electronic engineer and probably 
Mechanical engineer 

In today's market the acquisition of people of the proper scientific ex- 
pertise tg operate such an interdisciplinary effort would require a 
salary of the order of $60,000 a year. The salary for these people alone 
for this agency would therefore be of the order of $720,000 per year. If 
one calculated 50% supplementation for accessory assistance this would be 
$360,000 and if one provided one-half million for l'aboratory supplies and 
faci 1 i ties the total would be approximately 1-1/2 mi 1 1  ion for the running 
of this particular component of the program, once it was equiped and operative. 

The agency in question should ideally be empowered and be funded to sub- 
contract those components of the overall program judged by this group of 

-. experts to have the basic scientific technology we11 in hand and to be 
in need of the commercial type of research and development not available 
In nonprofit-making institutions. It is also possible that the basic 
scientific investigative work in such areas as biomaterials might be 
handled through this primary agency. 
as we11 as subcontracts through this primary agency then the primary 
agency's staff would need to be greater in numberrand variety. 
Instance, in the field of biomaterials it would take a battery of syn- 
thetic polymer chemists to carry the entire program, not just one. 

If there were not to  be subgrants 

For 

The pattern of  business arrangement between NHLl and such a primary 
institution could not fruitfully be a contractual one because of the 
heavy enphasis upon basic scientific research and the lack of expertise 
within NHLl to guide or monitor same. 
the possibility that this might be a Research and Demonstration Center, 
but the implication here is that demonstration is to be directed toward 
those-who are primary deliverers of patient care rather than to scientific 
investigators.. 

Consideration has been given to 

The program would appear to this author to be most 



s a t i s f a c t o r i l y  f i t t e d  e i t h e r  t o  the pa t te rn  o f  a program p ro jec t  grant,  

or t o  tha t  o f  a Special ized Center o f  Research, o r  t o  tha t  o f  a consortium 

grant as proposed i n  the rev i s ion  o f  "Guide t o  Grant and Award Programs of  

NIH (PHEW Pub l ica t ion  (NIH) 73-33, discussed i n  Executive S t a f f  Meeting, 

NHLI, Feb. 25, 1974). One o f  the l a t t e r  two would appear t o  be more appro- 

p r i a t e  because one o r  the other  would provide greater f l e x i b i l i t y  and be- 

cause It could be reviewed on the basis o f  the ove ra l l  ob jec t i ve  ra ther  

than on the Lctsis of a ser ies of ind iv idua i  smaller programs each o f  which. 

could be approved o r  delected upon review. I n  terms o f  the obstacles l i s t e d  

a t  the beginning o f  Section 7, such an arrangement would handle them i n  the 

the fo l low ing  fashion: 

4i:There would be a s u f f i c i e n t  number o f  monitors insofar  as they are  

necessary w i t h i n  the primary agency. 

2, 
depth. 

There would be an assured a v a i l a b i l i t y  of  the necessary exper t ise i n  

3. 
the f i e l d .  

There would be adequate sa la r ies  t o  a t t r a c t  the top i n t e l l e c t s  i n t o  

4. 
a personal involvement i n  the work i n  progress. 

There would be an abundant oppor tun i ty  f o r  thebe ind iv idua ls  t o  have 

5 .  The s c i e n t i f i c  s t a f f  could be spared the mechanical admin is t ra t i ve  

chores which are the bane of the existence o f  so many s c i e n t i s t s  w i t h i n  

the N I H  s t a f f .  

6. 
or uncooperative and t o  seek t r u l y  appropr iate ind iv idu6 ls  to replace them. 

The prtmary agency would be f r e e  t o  dismiss those who a re  i n e f f e c t i v e  

7. 
primary agency, thus doing away w i t h  the disadvantages of having a c t i v i -  

ties widely  spr ink led around the country. 

The work would be heav i l y  concentrated i n  the laborator ies of the 



8. 
tractors or workers holding grants 

There would be no restrictions on travel t o  visit possible subcon- 

9. 
the setting up of a retrieval system for data and developments, and scten- 
t i f i e  intercourse among the components of the project would be facilitated. 

The concentration of all o f  thfs work in one area would facllttate 

10. The pattern of organization proposed would do much to facilitate 
adequate interdisciplinary collaboration 

11. Organization and operation of the primary agency by scientists of the 
expertise outlined should provide excellent assurance of avoidance of 
extravagant, iterative, scientifically unproductive animal . .  experimentation. 

12. 
crises which so regularly besets the Federal bureaucrat and leaves him 
undisturbed and able to keep his eye in constant fashion on the scienti.fic 
problems to be solved. 

This arrangement removes the scientific monitor from the whirlwind o f  

13. 
of members of the SCOR or consortium grantee consjstently in the capacities 
for which they can be most fruitful. 

This arrangement would offer the hope of employment of the expertise 



I X .  Recommendations 

As a r e s u l t  o f  t h i s  overview, the fo l lowing steps are recommended: 

1. Recognition that  there i s  too much unaccomplished basic s c i e n t i f i c  

invest igat ion t o  render f r u i t f u l  the use o f  systems engineering I n  con- 

t rac ts  t o  the exclusion o f  grants. 

2. Discontinuance o f  e f f o r t s  t o  accomplish basic s c i e n t i f i c  investiga- 

t i o n  under contract  

3. Establishment o f  a t  leas t  one Specialized Center o f  Research (SCOR) 

or  a consortium grant f o r  the fu r ther  prosecution o f  the program on the 

a r t i f i c i a l  heart. This SCOR should be s ta f fed  w i th  the f u l l  breadth and 

depth of expert ise needed f o r  the whole program and should be empowered 

to consummate subcontracts w i t h  indus t r ia l  concerns when t h i s  i s  judged 

f r u i t f u l  by the s c i e n t i f i c  s t a f f  o f  the SCOR and t o  make subgrants i n  

areas i n  which t h i s  appears t o  that  s t a f f  t o  be necessary. 

4. 
invest igat ive work now being attempted under contract 

Transferral t o  t h i s  SCOR o r  consortium grantee o f  the basic s c i e n t i f i c  

5 .  Trangfewal o f  the l e t t i n g  o f  contracts t o  t h i s  SCOR or consortium 

grantee f o r  the rout ine research and development I n  the program.* 

*There are precedents f o r  t h i s  move although not i n  the area o f  basic 

s c i e n t i f i c  invest igat ion.  .One is the g iv ing t o  TRW of the f u l l  responsi- 

. b i l i t y  for technical d i rec t i on  i n  development of the Minuteman rocket. 

A fu r ther  example i s  the g iv ing  t o  Aerospace Corporation the sanie k ind 

of ffeedom i n  contracts w i th  the Department o f  Defense. A t h i r d  is the 

recent ly consummated contract between the ' i a t i ona l  Cancer I n s t i t u t e  and 

Ba t te l l e  LaboratorIcs o f  Columbus, Ohio, i n  r e l a t i o n  t o  the determination 

of t o x i c i t y  o f  anticancer drugs, announced 4/15/74. 



X. Summary 

1. Research and development under systems engineering have blossomed i n  

those areas i n  which the basic technology has been we l l  i n  hand. 

i n  general has been t rue  o f  the thermal and e l e c t r i c a l  engines and i n  

the,development of e lec t ron i c  c i r c u i t r y  f o r  con t ro l  insofar  as the basic 

physiology has been understood. It has f a l l e n  shor t  i n  areas I n  which 

the basic s c i e n t i f i c  knowledge had s t i l l  t o  be gained, as i n  phys io log ica l  

responses, rheology, and mater ia ls  o f  appropr iate longevi ty  and compati- 

b i l i t y  wi th  t issues and components of blood. 

This  

2. The programs on the a r t i f i c i a l  hear t  and on mechanical c i r c u l a t o r y  

support have been too o f ten  hindered by lack o f  adequate numbers of 

personnel and exper t ise w i t h i n  the National Heart and Lung I n s t i t u t e .  

3. The contractual  pa t te rn  w i t h  d i r e c t i o n  from monitors i n  the Nat ional  

Heart and Lung I n s t i t u t e  who have too o f t e n  lacked the experience and 

exper t ise f o r  t h i s  func t ion  appears t o  have been an important f ac to r  i n  

m i l i t a t i n g  against the engagement o f  the strongest possible invest igators  

and deve 1 ope r s  . 
4. -The programs have cost $80,309,365 since incept ion.  

whether the f r u i t s  of  the program have j u s t i f i e d  t h a t  cost. 

It i s  doubt fu l  

5. Basic s c l e n t i f i c  inves t iga t ion  i n  many areas must be accomplished 

before the s tated aims can be achieved. The goal-or iented contractual  

pa t te rn  o f  management (systems engineering) i s  simply not  su i  tab le  for  

the accomplishment o f  such .basic s c i e n t i f i c  Invest igat ion.  

6. 
perhaps two, one for b icmater ia ls  and one f o r  a l l  i n  the program, bu t  

biomater ia ls)  be establ ished w i t h  a f u l l y  adequate s t a f f  i n  terms o f  numbers 

and areas o f  expert ise,  t r u l y  compet i t ive sa lar ies,  and au thor iza t ion  and 

funding t o  consummate subcontracts and subgrants where i t  i s  judged by the 

s c i e n t i f i c  s t a f f  o f  the $COR o r  consortium grant  t o  do so. 

The recommendation i s  made tha t  a large SCOR o r  a consortium grant  (or 



N.B. P h i s  page w a s  re-done b y ,  1975. 48 

The present Evaluation wss submitted t o  HHLI on lov. 29, 1974. 
After some t i m e  f o r  review, it vas returned t o  the author by the 
Acting Mrector/NHLI with a request tha t  -her documentation of 
specif ic  statements i n  Section V I 1  A be provided so as t o  be more 
secure i n  considering any of t h e  changes i n  procedure recommended 
herein. There has been d i f f icu l ty  i n  gathering some of t h e  data, 
M b  the author is immensely indebted t o  Dr. Sylvain Pi tzelc  f o r  
his  assistance i n  t h i s  matter. 

All mention of various costs of t he  Ar t i f i c i a l  Heart Program 
refer t o  t h e  costs up t o  the  time of original submission of t h i s  
Evaluation only. 

ATTACHME#TS 
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2. 
3. 
4. 

5. 

6, 

7. 
8. 

9. 

10. 
11. 
12. 

Psges 8 through 11 of Report on Cardiac Replacement, 1969. 
Supplemental Agreement with Them-Electron Corp., I'4a.r. 1, 1971. 
Letter from Dr. Walter Bornhorst of TECO, April 25, 1975, 
Page from Annual Report of Thermo-Electron, Aug.,  1974 on 

Blue Sheet: 

Internal memoranda on percutaneous leads, Dec. 10, 1974, and 

Internal evaluation of Veno-Arterial Bypass System, Jan. 19, 1973. 
CDB'S Criteria for Clinical Investigative u8e of L e f t  Ventricular 

Dennis memo on Consideration of C l i n i c a l  Evaluation of LVAJ), Oct. 

Memo of Sept. 18, 1972, about access t o  c l inical  facilities. 
Memo of May 21, 1974, about Management Development Program. 
Memo on conference with Dr. Walsh. 

Animal Survival. 

heat, and Request for noncompetitive contract renewal. 
Continued study of t he  effects of added intracorporeal 

Feb. 5, 1975. 

Assist Devices, A u g u s t  8, 1974. 

12, 1974. 
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